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STUDY EVERY 
The production planner needs a thorough knowledge of the entire 


machine tool situation . . . and at Charles Churchill the world of 
p | [ f machine tools is admirably represented. Here the production planner 
can choose his complete requirements for the cold shaping of metal 


from the leading ranges of British, Continental and American 
manufacturers. Through Charles Churchill’s world-informed technical 


service he is kept in constant contact with all aspects of the industry. 
; If you are considering new production schemes, new or replacement 
machines for shaping, turning, grinding, boring, milling, planing, 
bending or gear production, consult Charles Churchill. They will be 


able to supply the quality machine tools you need . .. install and service 
| ( \ E them... advise you on their application and operation. 


Study the overall picture at CHARLES CHURCHILL before you move. 


CHARLES CHURCHILL {%33""" 


COVENTRY ROAD - SOUTH YARDLEY - BIRMINGHAM 25 
TELEPHONE: ACOCKS GREEN 2281 
TELEGRAMS: OPODELDOC, BIRMINGHAM 





TAS/CC 55. 
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STOPS 
PRODUCTION 


4 CRANK 
300 TON PRESS 


Within 24 hours three 
operators were at 
work on the four 
shattered connecting 
arms of this press. Ten 
days later the work 
was completed and 
tested. 


MIs TALOICK 


REGO. TRADE MARK 


yt COLD CASTING REPAIR SPECIALISTS 


FOR YOUR IMMEDIATE SERVICE 


BRISTOL Bristol 56014 LIVERPOOL Central 3820 
CARDIFF Cardiff 29719 LONDON Whitehall 8902 - 5 
BIRMINGHAM Bearwood 2799 NEWCASTLE Newcastle 24808 
GLASGOW City 7203 SHEFFIELD Sheffield 29361] 
W. CUMBERLAND Egremont 381 WORKS East 1446 


M E T A L 0 C 4 GRAND BUILDINGS - TRAFALGAR SQUARE - LONDON - WC2 
(BRITAIN) LTD. 
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PEARSON mwANKE LTD 


of 1-3 HALE GROVE GARDENS 
MILL HILL, LONDON, N.W.7 


have pleasure in announcing 
that they are now Agents for... 


(WEINGARTEN] 


single and double acting, “CG” frame and double 
sided Presses and Transfer Presses 





























odge & Shipley 


Guillotines and Press Brakes 





in addition to previously held Sole Agencies for: 





SMG 
Single and double acting, ‘“‘C” frame and double sided Hydraulic Presses 
UNGERER 
. Roller levelling machines and complete shearing lines 
KARGES-HAMMER, formerly Schuler 
Can making machinery 
0 ERICHSEN 
5 Sheet metal and testing instruments 
8 MAILANEDER 
1 Sheet metal lacquering and single and multi-colour printing machines 
6 MALL 
Collapsible tube finishing machines, lacquering, printing and decorating machines for 
round metal and plastic containers 
ES 
"2 Photo-electric guards and photo-electric control equipment 


THE MOST MODERN TOOLS FOR SHEET METAL WORKING 





TELEPHONE : MILL HILL 3232 (PBX) TELEX : 2- 3273 PEARSPANK LONDON 





NAP 5162 
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Automatic Plating Plant 





at F.H. BOURNER & Co. (Engineers) Ltd. CRAWLEY , 


One of the most recent “ Trojan” automatic plating installations is at the works of | 
F. H. Bourner & Co. (Engineers) Ltd., manufacturers of quality domestic water 

fittings. The plant is for copper, nickel and chrome plating and has a rated output of 

130 jigs per hour, each with a cathode area of 4 sq. ft. 


This “Trojan” is doing a super job for “Supataps”, ensuring the high flow of 
plated work necessary to meet the heavy demand for these modern and 
attractively finished products. 






BIRMINGHAM © 7or7od ". SUEF RIEL 





The Production Engineer AS 


This ts 


| LOGTITE 


SEALANT 
The Sensational 


Liquid Lock 
for Metal Parts 








LOCTITE SEALANT supersedes all 
conventional methods of locking nuts, bolts, 
studs, set screws, adjusting screws—anything 
which may vibrate loose. It dispenses with lock 
nuts and other mechanical locking devices and 
methods—with outstanding cost savings. 
LOCTITE SEALANT, the new liquid plastic, 
penetrates between threads or closely fitting 
metal parts and hardens automatically inside 
the joint to give a permanent lock and seal to 
the joint, superior to any mechanical locking 
devices. LOCTITE treated parts can NEVER 
work loose, yet can be removed with 

ordinary tools. 















THE 
































of Loctite for experi- 
mental work. Grade selec- 
tion permits application of predetermined 
locking torque on any size fastener. 





moe RANE (S 






part self-locking 


* prevents break- 
downs caused by 
loose bolts, nuts, 
studs and screws 


* retains bearings with- 
out press fit 

* eliminates reboring, 
sleeves, shims, and 
weld metal build-up 













KIT Prevents leaks in high- 
RETAINS pressure fluid lines 
LOCKS ; %* completely fills joints 
: Makes b lace- : : 
contains five grades Makes any threaded ment — tT with tough plastic 


* resists heat, cold, fuels, 
oil, water, solvents, all 
hydraulic fluids 


* contains no solid par- 
ticles to foul valves 


Take the first cost and trouble saving step by writing NOW for the 


Technical Report on Loctite Sealant. 


EALANTS) 
IMITED 


243 Upper Street, London, N.1. Telephone: CANonbury ont 
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A cutting end with lasting hardnes 





You get the exceptional cutting efficiency of Stag Major 
high speed steel in the form of a good substantial cutting 
end (not a tip) electrically fuse-butt-welded to a high 
grade steel shank. For little more than the cost of 
redressing you get a complete solid high speed steel tool 
hardened and ready for use on lathe, planer, shaper etc. 


Please send for booklet and tool chart using the request form. ss! ht / \ t ‘ i" i A J rf ) R 


EDGAR ALLEN & CO. LIMITED 
IMPERIAL STEEL WORKS - SHEFFIELD 9 


to EDGAR ALLEN & CO. LIMITED, SHEFFIELD 9 


Please post “‘ Superweld ”’ booklet and chart to:— I 


POSITION 


mente 


ADDRESS 


I 
| 
| FIRM 
' 
) 


ETD 68/PE 








PT | 


LEMAX. 
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: TORQUE- CONVERTER 
SLEEVE in ‘Lemax’ 
heat-treated Pearlitic 
malleable iron 


SPECIFICATION : MINIMUM TENSILE STRENGTH 80,000 LB. SQ. IN. 
MIN. YIELD POINT 60,000 LB. SQ. IN. MIN. ELONGATION IN 2”, 3% 


This component (weight 27-5 |b.) plays an important part in the 
torque converter of a machine of international repute. 


As will be seen from the sectional drawing and the photograph, the sleeve embodies 
ducts for the hydraulic fluid, and is extensively machined. ‘Lemax’ heat-treated 
pearlitic malleables have versatile attributes, the ability to cast cored ducts of three- 
dimensional curvature, in combination with a material of great mechanical strength, 
adequate shock resistance and the requisite degree of hardness. 


LEY’S MALLEABLE CASTINGS COMPANY LIMITED, DERBY, ENGLAND 
TELEPHONE: DERBY 45671 


Regd. Trade Marks : 
Black Heart’, ‘Leys’, ‘Lepaz’, ‘Lemax’ 














NO. 2 CENTRELESS GRINDING MACHINE 


One of four machines at L.H. Newton & Co. Ltd., each 
arranged with both Type E Infeed Hopper—automatic loading 
and Automatic Infeed device with automatic ejection. 


Send now for catalogue No. G-574-E 


CINCINNATI MILLING 
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CENTRELESS GRINDS 
325 SET SCREWS EVERY HOUR 


A TYPICAL EXAMPLE OF CINCINNATI ‘KNOW-HOW’ ‘I 


PRODUCTION DATA per M/c 


Se I anssivinncnscscccsntsccscevecavtl 0.008 /0.010 ins. on diameter 
Tolerance & Finish Commercial 
Prod./hour 


Automatic Loading and Unloading allows production rate to be maintained 
“at maximum limit. 


MACHINES LTD. BIRMINGHAM 24 





the most 
widely used 
turret miller in 
Americaisnow 
being made 

in England by 


AS 


Now large scale production in 
England will bring down the cost to 
you of the most universal of all 
‘universals’ the Bridgeport Miller. 
Nearly every American machine 
shop has at least one. And still 
demand for this wonderful machine 
tool continues to outstrip a vastly 
stepped up production. Why ? 
Because hard-headed business men 
realize that the Bridgeport makes 
money by coping with virtually 
every job likely to crop up. 


-_ @ 


ALL THIS-on 
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Horizontal 
milling 


Vertical 
milling 


Angular 
milling 


Profiling 


Slotting 


one machine 


i 


<ils 


bee ; 








Fly cutting 
‘Hydraulic 
duplicating 


Right angle 
miling 


Boring and 
facing 


Bridgeport 


the Miller that is more universal than any ‘universal’ 


AS 





The Bridgeport Miller has been developed and perfected over twenty years. 
Now its renown will be further enhanced by the high reputation of Adcock & 
Shipley who will build it under licence for sale everywhere outside the Americas 
and Japan. Send for full details of the Bridgeport today. 


ADCOCK & SHIPLEY LTD 


P.O. Box 22, Ash Street, Leicester. Telephone: Leicester 24154-6 


= 
ONLY Bridgeport OFFERS SO MUCH 
Tc ae 
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VicKERS international manufacturing and service 
facilities are strategically located convenient to 


industrial centres throughout the world. 
Users of VICKERS Hydraulics can send their machin- 
0 1 H d IT] ery almost anywhere with the assurance that replace- 
! Vi rau IC ment parts are readily available if required. 
VICKERS quality and parts interchangeability are 


r 
Equipment maintained by an internationally standard system of 


inspection and test. 


7 
built and These advantages are in addition to the high quality 


and reliability gained by specifying VICKERS 


serviced around Hydraulics. 
the world ENGINEERING 


& Nuclear Energy 


EXHIBITION 


OLYMPIA LONDON APRIL 20-MAY 4 1961 


STEIN ATKINSON VICKERS HYDRAULICS LTD 


197 Knightsbridge, London, S.W.7. Telephone: KNightsbridge 9641 


Technical Sales and Service at London, Glasgow, Birmingham, Leeds and Manchester 
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—MANUFACTURERS OF 
PRECISION GEARING 


«+ produced to your own specification, 
or designed by us to your require- 
ments. Industries served include Auto- 
motive, Aircraft, Nuclear, Automation, 
Machine Tools, Earth Moving and 


General Engineering. 

















This divider 


gearbox is used on a -3 ‘5 

snowplough. It has a single input git 

shaft which transfers the drive to m4 ACCURACY 
two output shafts through a gear AND 
train which gives high and low 

ratios with manual selection. QUALITY 


ON A 
PRODUCTION 





Used in 3 versions on 
“* Michigan ” Tractor 
Shovels, this box has 
proved completely trouble- 
free under the most 
arduous conditions. 

It has 4 forward and 

4 reverse gears with 
manual high-low 
range selection. 2 or 
4-wheel drive. 







For use on an industrial gas turbine 
engine, this epicyclic gearbox reduces 
from 26,000 r.p.m. to an output speed 
With acknowledgements to All Wheel of 3,000 r.p.m. in one step. There are 
Drive Lid., Camberley, Surrey. nine auxiliary drives and a starter drive. 


GEN TRAX CENTRAX LIMITED, Newton Abbot, Devon 
Sales Office: 248-250 Tottenham Court Road, London, W.1. LANgham 2364/5 
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Fine boring... 
' 


PrREcIMAXx 


way 


A Precimax FBI/9 special is chosen to ensure roundness, 
parallelism and consistent centre distance of large and small 
bores of connecting rods. These components, of 45 ton 
tensile steel, are rough and finished bored to 0.001” with 
stock removal of 0.062” from each diameter, surface finished 
to 32 micro inches in 13 minutes. This machine with electro- 
hydraulic control, fine bores several sizes of rods and provides 
for machining of special articulated types. 


LANDIS LUND LIMITED 


CROSSHILLS—KEIGHLEY-YORKSHIRE 


wap 2991 
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Speedier STAKING, RIVETING, 
CRIMPING, SWAGING, MARKING 





ELECTRQ)PUN 


These speedy, accurate, solenoid-operated Bench 





Presses are invaluable on a host of light assembly 
operations. Simply operated by a touch of hand or 
foot, they deliver exactly the right impact required 
—from a few ounces to five tons —with a single 
stroke or automatic cycle. 

The versatile Electropunch increases productivity on 
all staking, riveting, crimping, swaging and marking 
operations. The Electrostake presses parts together 
before automatically staking. Illustrated is the 
Electrotable model combined with an Electropunch, 


the ultimate in efficient automatic operation. 





PRECISION 


ARBOR PRESS 


Designed for accurate assembly work and 





“seq =? 


similar operations, B.T.G. Precision Arbor 
Presses are produced in five sizes. The 
smallest and largest are capable of exerting, 
without deflection, ram pressures of 400 Ib. 
and 1,800 Ib. respectively. 





Fully illustrated literature on the Electropunch and Arbor Press is available on request 


BIRMINGHAM TOOL & GAUGE CO. LTD 


SOHO HILL, BIRMINGHAM, 19, and 26 HOLBORN VIADUCT, LONDON, E.C.1 
A Member of the DENBRO Group 
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safe automatic burner control 





fee] 
fp 












VH31P Viewing Head 
for 2” viewing tube. 











ELCONTROL LTD - HITCHIN - HERTS 





THE LATEST special uses for which we have provided flame failure 
and ignition programming equipment include the new Tunnel-type 
gas burners, inert gas generators and gas turbines, and our equip- 
ment is in service from Russia to Peru. 

Elcontrol units include : 

Photoelectric types—both straight and flicker-sensitive, for oil 

burners. 

Infra-red sensitive types for gas and gas-ignited oil burners. 

The new electrode type (patented) which responds to flame 

modulation, for certain gas burners. 

Flame Proof and intrinsically safe units. 

Complete burner control panels to individual requirements. 
Manufacturers and users of package and other boilers, furnaces, 
bakers’ ovens, process ovens, methane and other special fuel- 
burning equipment, are finding our technical service increasingly 
useful, and we welcome further enquiries. 


) 








VH101P Viewing Head 
for 14” viewing tube. 








Standard steel case housing with- 
drawable chassis for control units. 


(ELCONTROL °/2¢! 


ronic control systems 


Appointed Agents 
MIDLAND: 


Regd Trade Mark A. M. LOCK 





Telephone: Hitchin 2411 





S: 

& Co. Led., Newborough Rd., Solihull . . - 
N. WEST 
A. M. LOC 
SCOTLAND: 

A. R. BOLTON & Co. I.td., Bankhead Dr., Sighthill, Edinburgh 11. CRA 5235/6 


K & Co. Ltd., Union St., Oldham . 
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WJKS DIAMOND TOOLS 





Write to SMIT’S 
upon any 


for every phase of the 
problem of diamond , ‘ 
tools or their Engineering and 
application gee ; 
Mining Industries 


J.K.S. will manufacture the diamond tools 
for every industrial application 
of diamonds in any industry 


j. K. SMIT & SONS Diamond Tools LTD. 


Telephone: Head Office: 


* HOLborn 6451 22/24, Ely Place, Holborn Circus, London, E.C.| 


2 St. John St. Deansgate, MANCHESTER. Phone: BLAckfriars 0443 14 Queens Rd. COVENTRY Phone: Coventry 21215 
Works: Mochdre, COLWYN BAY, Denbighshire. Phone: Colwyn Bay 44212-3-4 






with Offices and Works: 


International Organisation 3A, — 
: _, HOLLAND, FRANCE, AUSTRALIA 


Murray Hill, New Jersey, U.S.A., CANADA 
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for all materials handling problems... 


* * 
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FLOOR CONVEYORS 


SKI-WRACKERS | 


OVERHEAD CONVEYORS have the 
HOISTS 
>] RUNWAYS 
* 


CRANES 





= anSwer 


——- 


21215 








MATERIALS HANDLING SPECIALISTS 


GEO. W. KING LTD. ARGYLE WORKS, STEVENAGE, HERTS. TEL: STEVENAGE 440 


A KING representative will be pleased to call on you anywhere in the world. 
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PRESS SHOP 
APPLICATIONS 


In these lines several interesting new techniques are employed and a wide range of sizes 
offered. Lines are available for extremely accurate cutting at high speed or for less 
accurate, lower speed applications. Successful installations include a 5 ton by 36 in. line, 
several 3 ton by 36 in. lines and a number of smaller lines similar to that illustrated for 
handling coils between 18 in. and 24 in. wide. Suitable equipment is offered for handling 
brass, copper, stainless steel, electrical steels and aluminium. 


the spearhead of development in the pressed metal industry 


HUMPHRIS & SONS LTD. - POOLE - DORSET YHUV-llyy 


4s 


TELEPHONE: POOLE 1800 TELEGRAMS: HUMPSONS Vuddi jj 
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in quality 


USE 


ENERGOL 


INDUSTRIAL LUBRICANTS 


Distributed by 


THE POWER PETROLEUM COMPANY LTD 


76-86 STRAND * LONDON W.C.2 (Branches and Depots throughout the country) 
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versatility in pumping with the Rotoplunge,.a 
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The perfect pump for use with all lubricant fluids of a1 
abrasive nature which, because of its versatility, is ideal fo 
wide variety of industries. Long life and reliability are b 
into the unique construction of the Rotoplunge, which has 0 
three moving parts. No other range of pumps has such a w 
variety of optional features. 


VARIABLE STROKE 


Gives infinitely variable control over the complete range with acc 
indication of the setting. 





SHORT STROKE ; 


End covers providing for reduced delivery ratios of one third and! 
thirds are available as an alternative to variable stroke. 


AUTOREVERSE 


Irrespective of the direction of the driving shaft, the autoreve 
automatically maintains a uniform direction of flow. 


RELIEF VALVE AND BY-PASS 


All pumps can be fitted with a relief valve and by-pass to prevent 0! 
loading of the pump or driving arrangement. 


Available in a comprehensive range from 7.5 gal./h. to 2,300 gal 
Flange or foot mounted for close-coupled or motorised sets. The illus! 
tion shows a foot mounted Rotoplunge pump with variable delivery com 


Write for Brochure Bi 
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ge.and in metering with the Unipulse 





f an The finest system for accurately metering continuous flow or 
leal fo for batch control of liquids used in almost every industry includ- 
are b ing food, drink, chemicals, plastics and oil. It can be used as a 
has 0 primary measuring device for computing and read-out systems. 
haw 


VARIETY OF LIQUIDS 


The Unipulse will accurately indicate the rate of flow and dispense 
batches of liquids of differing viscosity, acidity, alkalinity and 
temperature. 


ACCURACY 


The action of the Unipulse is to electromagnetically count the revolu- 
tions of a piston, eliminating the use of gears, stuffing boxes, etc. Thus 
with only one moving part the Unipulse is extremely reliable at all 
4 rates of flow, with an accuracy of +/— .25% at a constant rate of flow 
which is unaffected by changes in viscosity. 





toreve 

EASE OF INSTALLATION 

Unipulse can be easily and quickly installed into existing pipe-lines in 

flows ranging from 5 to 12,500 gals./h. 
ent 0 


Write for Brochure B2/M4 


PARKINSON COWAN 
MEASUREMENT 


A division of the Parkinson Cowan Group 
TAMESIDE WORKS -: DOBCROSS: OLDHAM - LANOCS: Telephone: DELPH 424 


@Pcm/4 
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‘RIBBACK’ 
HAMMERING MAGHINES 


For cold and hot forming of 
steel and non-ferrous metals 


Working diameter up to 19 inches 


TYPE RD 125 HHV 


Silent, 

Vibration free, 

wear resisting 
construction , 

all RD 230 HH/Z ey | 


*‘RIBBACK’ HAMMERING MACHINE 
WITH AUTOMATIC FEED 





below 
TYPE RU 40 





1 Ors h Vm K-10) ¢-> y 


Sarl. Wecker/Luxembe. 


Represented by D.M.M. (Machinery) Ltd. 


Universal House, 60 Buckingham Palace Road, London S.W.1 
Tel. No. Sloane 0701 

















Manufactured under licence from Ferrand &: Frantz Ing. Villeurbanne. British Patent No. 705, |48. 


MODERN FACTORIES NEED 


REEL ABOVE ALL ELSE 


| TO SAVE SPACE AND GIVE 
INCREASED HEIGHT OF LIFT 


-with reduced building coda / 


} highest hook Reel is the only modern overhead crane specially created to 





Sargeeesss 


















— meet modern industrial demands for higher mobility and efficiency. The unique 
| building height. Reel design carries the crane to within inches of the roof, giving 






maximum height for lifting. Enclosed girder construction combines lightness 
with great strength, allowing more economical running and 
ne maintenance. There are capacities to suit all requirements. Handling of 
je Griver s cage, ‘ . . 
glazed or open, goods is faster, safer and more economical with Reel— 
4 is arranged to give H i ? 
© eiadiniete Ganethbe Why not contact us now for full information ? 
4 visibility in all 
directions. 










THE BRITISH overhead 


W " travelling 
crane 


BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 
CORONATION WORKS : HAINGE ROAD . TIVIDALE : TIPTON : STAFFS Telephone: TIPTON 1222/3/4 
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The 
amazing 
new 


TO SEE IT IN ACTION! A mobile demonstration unit will show you the 
remarkable performance and features of the HGA Tractor. Designed and made 








by YOUNGMAN, it introduces an entirely new principle in tractor construction. 





Brochure with full technical data available from: 
W. C. Youngman Limited, 

Materials Handling Division, Manor Royal, 
Crawley, Sussex. Telephone: Crawley 1234 
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5 ton capacity 
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For a surface finish that has 
to be perfect-ELECTROLUX choose 
Atlas Copco grinders 


At their Luton works, where Electrolux 
Ltd. produce nine models of domestic 
refrigerators for home and export sales, 
each cabinet must be given a perfect 
surface finish before it is sprayed and 
stored. The sanders used in quantity by 
Electrolux to produce the high finish 
required, are Atlas Copco LSS 62’s, 
which have the power and ease of control 
essential for this work. These Atlas 
Copco air tools, using resin-bonded 
abrasive discs at 6,000 r.p.m., remove 
excess metal following brazing and spot 
welding with 36 or 60 grit discs and 
work down to a blemish-free finish with 
80 or 100 grit. 


With Atlas Copco equipment in the 
grinding shop the finished Electrolux 
cabinet will pass the final examination 
which is as meticulous a visual control as 
any industry can boast. 


WRITE FOR LITERATURE 


Full details of these tools are contained in Leaflet 
207 which will be sent on request. 


Mtlas Copco 


COMPRESSED AIR ENGINEERS 


ATLAS COPCO (GREAT BRITAIN) LTD. 


Maylands Avenue, Hemel Hempstead, Herts. Boxmoor 6040 


Sales and Service Depots at: 
LONDON ~*~ BRISTOL + CARDIFF - LICHFIELD «+ LEEDS - MANCHESTER - NEWCASTLE + GLASGOW - BELFAST + DUBLIN 
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THE SCIENTIFIC APPROACH 


Multi-channel oscillograms being made of the per- 
formance under load of a Cowlishaw Walker steel 
frame eccentric press at the Manchester Works of 
Associated Electrical Industries Ltd. This meticulous 
graphical analysis of the performance of this new 
range of eccentric presses of advanced design guaran- 
tees to the user:— higher productivity, better 
pressings and longer tool life. 


. 
cont ' — 


ie 





s 


COWLISHAW WALKER ano company timrep 


BIDDULPH, STOKE-ON-TRENT ° Phone: Biddulph 3254 - London Office; 117 Victoria Street, Westminster, $.W.!. Victoria 5472 
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| 
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| | 
t | 
coloured NYLON TUBE = 
BLACK, RED, YELLOW, BLUE, BROWN, GREEN, NATURAL ' +4 a‘ 
8 ] 
and SOLDERLESS UNIONS aa. 
ihe Le eee ee P | 
Nylon Tube can be used in conjunction with 
any of our Solderless Fittings without an PRICES PER 10 ft. LENGTHS (NATURAL COLOUR) 
insert listed in Catalogue T. F. 360, and 
offers so many advantages over non-ferrous O.D. SIZE | 10,000ft. and over 50 ft. 
tube. Nylon Tube is economical in use due Lod. 1/11d. 2/6d. 
to availability of long lengths. It can be "od. 2/04. 2/84. 
cut with a sharp knife, thus obviating 
the presence of swarf, and is clean and 7%" 0.4. 2/2d. 2/11d. 
easy to handle and install. Fitting costs 4” od. 5/7d. 7/5d. 
are considerably reduced. It is light in +f” 0.4. 7/Od. 9/4d. 
weight, has a strong resistance to abrasion 
and wear and is ideal for flexible connections. ¥ o.d. 10/94. 14/Sd. 
Why not ask us to Jet you have further ¥" o.d. 15/1d. 20/1d. 
technical information. # od. 22/24. 28/9d. 
2” o.d. 29/10d. 39/9d. 
zt’ o.d. 43/5d. 57/10d, 
14” o.d. 71/6d. 95/4d. 


SS 
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This table will give you some idea of minimum and maximum 
prices depending on length required. Prices of coloured tube 
are slightly higher. 





BENTON & STONE LIMITED, ASTON BROOK STREET, BIRMINGHAM 6. Telephone: ASTon Cross 1905. Telex: ENOTS, B’HAM 33143 
See Enots list of stockists on page 114 
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ROBERTSON 


SENDZIMIR Gold Strip Mills 


For — all _— of ferrous and non-ferrous metals up to 120 inches wide 


Sendzimir Mills are built under licence by Robertsons. 
They have constructed all types of these mills (Strip Mills, Sheet Mills 
and Planetary Hot Mills) and have the specialist knowledge 
and skill so essential for the accurate machining to the very closest 
tolerances demanded in their manufacture. 


The main advantages of Sendzimir Cold Strip Mills are as follows— 


Large reduction at each pass Small work rolls render use of tungsten 
Freedom from strip crown and edge cracking carbide rolls economical 

Extreme accuracy of gauge Quick and easy roll changes 

High standard of surface finish Economy in maintenance 


Illustrated is a Sendzimir 
Cold Strip Mill for rolling 
stainless steel strip up 

to 50 inches wide. 


W. H. A. ROBERTSON & CO. LTD - BEDFORD - ENGLAND 


= 





LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS AND PLANETARY HOT MILLS, HALLDEN 
CULGINE AND ROTARY FLYING SHEAR MACHINES AND THE TORRINGTON METAL WORKING MACHINERY. 
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SEE WHAT 
INDUSTRIAL 
DIAMONDS CAN 
DO FOR YOU! 


4 The filament in almost every bulb is drawn 
fA through a diamond die. Nothing cuts, grinds, 
or polishes faster or more accurately than 
a diamond tool. 
In their many forms, diamond tools help 
to make practically everything you can 
think of. Why not see what diamonds can 
do for you? 


To find out if industrial diamonds can 
benefit you, contact the Industrial Diamond 
Information Bureau. Backed by the Diamond 
Research Laboratory in Johannesburg (the 
largest laboratory in the world devoted to 
diamond technology), the Bureau offers you 
information and advice without obligation. 
Please write to the address below. 


The Industrial Diamond Information Bureau 


2 CHARTERHOUSE STREET (DEPT. 8), LONDON, E.C.1 
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Range 1/43 h.p. to 15 h.p. 

9 to 1 stepless 

speed variation. 

Flange mounted motors 
(when required). 

Flange mounted 
Reduction Gears for low 
output speeds. 
Exceptionally light, 
sensitive, and accurate 
control of speed settings 
by handwheel, pneumatic, 
mechanical or electrical 
remote control. 


Technical 
Representatives 


in 

LONDON 
BIRMINGHAM 
MANCHESTER 
LEEDS 
BRISTOL 
GLASGOW 


CONTROLLED VARIABLE SPEED 


ALLSPEEDS LIMITED 
Royal Works - Clayton-le- Moors, P.0. Box 43, Accrington, Lancashire - Telephone Accrington 35441 (6 lines) 
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TYPE ITX 


as applied here ensures 
easy flow of heat sen- 
sitive material up to 
70°C (160°F) and this 
type is also widely 
used for frost protec- 
tion. 





There are other types 
for temperatures up to 
800°C and our special 
design for flameproof 
areas. 








Visit Stand No. K.9 at 
the Electrical Engineers 
Exhibition. March 
21 - 25. Earls Court. 




















* Should you have mislaid ISOPAD LIMITED, Barnet By-Pass, 
your Isotape Catalogue Boreham Wood, Herts. 
do write for a new one! Tel: ELStree 2817/9 & 3602 
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CARRIER ENGINEERING CO. LTD., 24 Buckingham Gate, London, $.W.1 VIC: 6858 
Export Enquiries to DRYSYS EQUIPMENT LTD., 24 Buckingham Gate, London, $.W.1 England 
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The application of electronic profile turning and boring 
equipment to the Webster and Bennett range of vertical 
boring mills opens up a wide new field of uses for these 
versatile machines. Although specifically designed for 
copying applications, when not required the electronic 
control may be disengaged and the machine operated as a 
standard machine under mechanical control. 

Machine capacities range from 36” to 72” chuck diameter, 
and machines can be supplied with or without the electronic 
profiling equipment. 














WEBSTER & BENNETT 


LTD., COVENTRY, ENGLAND 
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Niotors for corrosive and 


explosive atmospheres 


CHEMICALS & PAINT 


Class ‘D’ motors with British Standard 
Dimensions to B.S. 2960 Part 2 up to 50 h.p. 
‘ENGLISH ELECTRIC’ is now making chemical 
works motors to this standard. Tens of 
thousands of British Standard motors are 
in service. 


Write for Publication DM/264 


PETROLEUM 


Class ‘XLK’ flameproof motors Squirrel-cage 
or Slipring. Totally-enclosed fan-cooled or 
Totally-enclosed. Complying with Oil Com- 
panies Materials Committee requirements. 
Buxton certified. 


Write for Publication DM/154 


COAL MINING 


Class ‘LP’ steel-barrel, flameproof Squirrel- 
cage motors. Totally-enclosed fan-cooled 
available up to 150 h.p. Totally-enclosed 
available up to 50 h.p. Buxton certified for 
underground use. 


Write for Publication DM/225 





ENGLISH ELECTRIC 


AVAILABLE FROM STOCK 








THE ENGLISH ELECTRIC Company LIMITED, ENGLISH ELECTRIC HOUSE, STRAND, LONDON, W.C.2. 
Industrial Motor Works, Bradford 


WORKS: STAFFORD BRADFORD LIVERPOOL ACCRINGTON 
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THE MATERIAL — high tensile structural steel. 
COLUMN SIZE—47 ft. 6 ins. long x 9 ft. 6 ins. x 5 ft. 
THE MACHINED AREA — 9ft. 6ins. x 5 ft. 
THE DEPTH OF CUT— approximate + in. 

using a 3in. dia. Type FM45 FUTURMILL 
FEED RATE — 60ins. 

using ‘ PROLITE’ GRADE 20K 
EA RNR EERE TR LA ALES N SLL IS ESE ETL TI 


The Prolite-Futurmill FM45 is a cutter of unique design using 
throw-away blades which give improved performance, lower 
production costs, and longer cutter life. Our engineers are 
available at any time for consultation and demonstration in 
your works. 


Photographs by courtesy of Sir William Arroll & Co. Ltd. and 
Clifton & Baird Ltd., designers and builders of the machine. 


Home Sales: PROTOLITE LIMITED (a subsidiary company of Murex Ltd.), RAINHAM, ESSEX. 
Telephone: Rainham, Essex 3322. Telex: 28632. Telegrams: Protolite, Rainham-Dagenham Telex. 
Southern Area Office : Central House, Upper Woburn Place, London, W.C.1. Northern Area Office : N ich Uni ildi i 
Midland Area Office : Guildhall Buildings, Navigation ig he ir ss _ertiigiescnseregyirmaipimaaaei 


ham 2. 
Export Sales : MUREX LIMITED (Powder Metallurgy Division), RAINHAM, ESSEX, ENGLAND. 
Telephone : Rainham, Essex 3322. Telex : 28632. Telegrams : Murex, Rainham-Dagenham Telex. 








Do you have our Stocklist 
of Standard and 
Non-Standard Tube? 


in Mild Steel and Stainless Steel Markland Scowcroft a 


in Randoms or cut to length 


Bromiley Cross Nr Bolton 
Telephone EAGLEY 600 
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BRIGHT STEEL BARS | 
for increased production 


‘820° a/f LEDLOY E.N.1.A. 





MILLS LEDLOY bright steel bars contain a 

small percentage of lead, giving greatly 

improved machining properties to all standard 

qualities, Freecutting, Casehardening, Carbon, ite Boek 
Heat-Treated Carbon and Alloy steels with- ae 5 nn ett 
out impairing their physical properties in any 

way. 

These can be supplied to Admiralty, Air 

Ministry and many other specifications. 


MILLS LEDLOY steels have been known to 
give an increase in production of up to 100%. 


BREDBURY STEEL WORKS 


EXORS. OF JAMES MILLS LTD. woootey. ne. stockporr 
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STRAIGHT - SIDED 
SINGLE ACTION 
T.R. SERIES 
POWER PRESSES 
1,2, & 4 POINT 
SUSPENSION 


These many exclusive 
features that are essential 
for greater productivity 
are embodied in this range 
of Wilkins & Mitchell 
Power Presses — the 
presses that cut costs. 


HIGH TORQUE CLUTCH 


BUILT-IN DRIVE FOR 
AUTOMATION FUNCTIONS 


HEAVY DUTY DEEP 
GUIDED CUSHIONS 


FULL ECCENTRIC DRIVE 


DEEP BEAM ALL-STEEL 
SLIDE 


ALL STEEL, HEAVY 
SECTION FABRICATED 
CONSTRUCTION 


FULL-FLOW CIRCULATING 
LUBRICATION 











Greater safety for hands 
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TRIUMPHS OF SHELL RESEARCH 


ith new Shell Dromus Oils 


‘Most modern soluble cutting oils contain phenolic 
‘compounds used as coupling agents between the 
‘oil and the emulsifier, for better blending and 
‘easier mixing. These phenolic compounds can 
‘tause skin irritation, especially where modern 
whigh-speed machines are used and the emulsion 
tan concentrate, through the evaporation of water, 
‘above the safety level. 

' Shell research chemists have been working on 
‘this problem, which has been causing some con- 
‘tern to Management. After considerable research, 
Shell Dromus Oils have been reformulated and 
“these new cutting oils now produce bland emul- 
| sions, which considerably reduce the risk of skin 
"trouble to operators. 

_ Thereal difficulty wastofindanewcouplingagent 
| toreplace the phenoliccompounds, and Shell finally 
used what their chemists know as a higher fatty 


The Research Story 


alcoholcomplex. Thissolved one problem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 

The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 

The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. If you and your organisation 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 


This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom. 








This is the blending kettle. The 
reflux condenser beside the stirrer 
motor prevents the loss of con- 
stituents volatile at the blending 
temperature. 


DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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BLANK AND PIERCE DIES 


* They're up to 88% cheaper than orthodox %* They have super-hard steel cutting edges set 
tools in densified laminated material of high 


* They save up to 96% bench time compared en a 
with hand methods for short to medium % They blank and pierce in one operation 
non-repetitive runs 


4 * They give clean, even result 
* They’re suitable for steel, non-ferrous and vis F 


non-metallic materials * They’re cheap to maintain and modify 


These arefacta-Povethem > yourFoftt! 





Write for fully descriptive literature to :— 


WILLIAM CROSLAND LIMITED, BREDBURY, Nr. STOCKPORT. Telephone : WOODLEY 2621/2 





USASPEAD 


Super freecutting 
bright mild steel 


aa gele|elot-leME joel -leiiiler-lih'Mi le) am oy Vs as -U. be -lale my: V OR gO} 


BS 970 I955.EN.1A 


The engineering trade has long recognised 
the superior quality of this freecutting A COMPLETE MamaE OF 
mild steel, which has acquired a wide ations 
reputation for ease of machining, high 4 EN Se 

cutting speeds, long tool life and the ‘a a Ss Ar 

ability to produce components of , 

excellent finish and accuracy. ; ,& 

Usaspead super freecutting bright mild ‘ % 7 MACREADY’S 
steel is closely controlled for chemical ie woo METAL COMPANY 
composition and mechanical properties, LIMITED 

and responds readily to normal case ‘ uate enum senile 
hardening treatment. , ’ ROAD, LONDON, N.1. 

A complete range of EN specifications is dé * eah4 Phone : TERminus 7060 and 7030 (30 lines) 


available. ‘ Grams; Usaspead, London, Telex. 
é ” Telex No. 22788 

















In electric motor manufacture with 








* impregnation and covering of windings with epoxy resin 


against damage by 


WATER 
OIL 


CHEMICALS 
ABRASIVE ACTION of airborne solids 


This illustration 
of the stator 
winding shows 
how the epoxy 
encapsulation 
completely 
covers and 
protects the 
coils. 


The most progressive name in electric motor design and manufacture 


Electric Motors ;; to 600 hp 


NEWMAN INDUSTRIES LIMITED, YATE, BRISTOL, ENGLAND 








The flexible 


nylon-core belt 
with six big 
advantages 








The Miraclo Nylon-Core 
Belt has six big advantages 
which make for greater 
all-round efficiency. It not 
only increases output but 
greatly reduces power con- 
sumption, maintenance and 
overheads. 


* Flexibility 
* Grip 


with chrome leather driving face} 


Virtually no stretch 
Enormous strength 
Light weight 
Elasticity 


+ + + 


FREE 


Send for this new |2 page colour 
brochure No. 400, which fully 
explains in word and picture the 
Miraclo Nylon-Core Belt—the 
belt that performs miracles. 


Miiraclo 


STEPHENS BELTING COMPANY LIMITED 


SNOW HILL, BIRMINGHAM, 4 
JIRA STEPHENS LTD., ASHTON-UNDER-LYNE 
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Let us hold the baby... 








—by passing your 
lubrication problems 

to us. 

Rich in experience and 
appreciation of all that 

must be done to nurse 

every job through to 

success, it need only be 
stressed here that 

Fletcher Miller lubricants do 
produce the best results. Our 
Publication SP. 152 gives 
details of our wide range of 
industrial lubricants—ask 

for a copy. 


ou can depend on 











FLETCHER MILLER 






LUBRIGANTS 





FLETCHER MILLER 
ALMA MILLS, 


LIMITED 
HYDE, CHESHIRE. 





Telephone: HYDE 3471 (5 LINES) Telegrams: EMULSION, HYDE 
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GRINDERS give 





you toolroom precision plus production line speed. 
Traverse grind as fine as or leads as coarse 
as Me l2" 4 
in a turn and a half (Q> 


: ; 
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a - «~ 
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Plunge 


multi-rib 





grind 


or single-rib 


threads long 





Wheels formed by 








diamond dressers 


or manual Ee or automatic IM} crushing WW nits. 
, ‘ nn 


Furthermore, 


crush formed wheels 


are ideal for grinding intricate Mune profiles. 


Coventry Gauge & Tool Co. Ltd., the world’s fore- 
most manufacturers of Thread Grinding Machines, 
build a wide range to handle work extending from the 
finest threads used in instrument manufacture up to a 
maximum capacity of 24” diameter by 90” long. These 
machines, which produce accurate threads faster and 


ROCKWELL 


re Os FTOoO¢@s RF 0. 





more economically than by thread milling, embody 
the latest advances in toolroom and production 
thread grinding techniques and are backed by many 
years’ research and development. If your production 
includes threads, worms or forms we will be pleased 
to submit a detailed quotation against your enquiry. 


For further particulars write or telephone TODAY 


WELSH HARP, EDGWARE RD., LONDON, N.W.2, 
TEL: GLADSTONE 0033 


ALSO AT BIRMINGHAM—TEL; SPRINGFIELD 1134/5 * STOCKPORT—TEL: STOCKPORT 5241 » GLASGOW—TEL: MERRYLEE 2822 
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at 60% 


These change-speed Gear Boxes for Coal Cutters are now 
made as steel castings in a modern steel foundry. Complete 
coal-face satisfaction is being given under the arduous 


cost 





conditions of service associated with mining operations 
and, eompared with the earlier fabricated boxes, a direct 
cost saving of 60% has been made on each gear box. 
You may not be aware of worthwhile economies which 





can be effected on your products. Why not call in a 
steel foundry engineer and take advantage of steel 
foundry know-how. 





THE BRITISH STEEL FOUNDERS ASSOCIATION 





13 Broomgrove Road, Sheffield, 10 
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PHE NEED FOR 
A-MP Bullet Connectors and receptacles are designed 
especially for automotive uses. The Bullet consists of a 
ball ended connector which engages with a tumbler 
receptacle, both sections being covered by a flexible plastic 
insulating sleeve. The A-MP solderless system of crimped 
attachment is used, giving perfect conductivity and excellent 
mechanical support, so that wires neither break nor 
pull out, and inspection rejects are things of the past. The 
A-MP system is simple, effective, gives a high rate of 
production and therefore is economical in labour costs. 
Connections are vibration-proef, and can be made or 


BULLET CONNECTORS and RECEPTACLES broken at will without reduction of efficiency. Let us send 


you further details. 


AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD 


Head Office : Dept. AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.|I. 
Tel : CHAncery 2902 (7 lines) Cables : AMPLO LONDON TELEX. Telex 23513 


SOUTH AFRICA: DISTRIBUTOR: E. S. MOWATT & SONS (PTY) LTD. 51-57, MILNE STREET, P O. BOX 437, DURBAN, NATAL, SOUTH AFRICA 
ASSOCIATED COMPANIES IN AUSTRALIA, U.S.A., CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN, PUERTO RICO AND MEXICO 


TRADE MARK 


%& Trade Mark of AMP 
Incorporated, U.S.A. 
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For competitive plunge or through- 
feed grinding, and to tenths 


Scrivener 


This machine offers accuracy of 
grinding, quality of finish, and 
economy of production under the 
most exacting conditions. 

With a grinding capacity up to §” 
diameter at maximum production 
rates and 1” for batch work, 

the No. ‘0’ machine caters 

for most classes of small work. 
Many standard features normally 
regarded as extras contribute 

to operating efficiency and together 
with a patented controlled-cycle 
system for plunge grinding 

this machine is today’s best 
proposition in small 

centreless grinders. 


If you have a centreless grinding 
problem — share it with us ! 


reless Grinding Machine 


Some standard features. 













Maximum opening, new wheels, hand-operated machine 













Maximum opening, new wheels, controlled-cycle machine 





Grinding wheel size, diameter x width 
















Control wheel size, diameter x width 


wiekman@¥iuimiten 


FACTORED MACHINE TOOL DIVISION, BANNER LANE, COVENTRY 
Telephone; Tile Hill 65231 
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THE JOURNAL OF THE INSTITUTION OF PRODUCTION ENGINEERS 






VOL. 40 No. 3 MARCH, 1961 








The Introduction of 


NUMERICALLY-CONTROLLED MACHINE TOOLS 








* 
* 


This Paper was presented to the fourth and final Session 
of the Symposium on “Machine Tool Control Systems” 
organised by The Institution of Production Engineers and 
held at Cranfield in August, 1960. 


The preceding Sessions were reported in the December, 
January and February issues of “ The Production 
Engineer’. 





* 
* 


by Professor G. A. WHITFIELD, B.Sc. 


Head of Department of 
Aircraft Electrical Engineering, 
College of Aeronautics, Cranfield. 


pews first generation of any kind of device is 
inevitably comparatively inefficient. This is due 
in part to the inexperience of the designer in the 
new technique, or in the application of an established 
technique for new purposes, but also to a lack of 
appreciation of the best way in which the new device 
can be used most profitably. Some inventions, how- 
ever, are so obviously useful and economically 
desirable that even the relatively inefficient first 
models are quickly adopted and the device is soon 
widely used. This, of course, leads to rapid progress 
in the technology and in appreciation of the best 
uses of the invention. Examples of this kind of inven- 
tion are the railway, replacing the stage coach and 
canal barge; the wireless valve, replacing the crystal 
and catswhisker; and recently the transistor, replac- 
ing for many purposes the wireless valve. 

Other inventions are uneconomic in their early, 
inefficient forms, but if developed sufficiently can 
become profitable. Many devices which are now 
widely used were carried through this early difficult 
stage by some form of patronage. As in the arts, 
this patronage was, until comparatively recently, 
provided by rich men. For instance, the early horse- 
less carriage, whether driven by petrol or steam 
engines or by electric motors, could not compete with 
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railways or horse-drawn vehicles. Fortunately, they 
were adopted as an expensive hobby and this paid 
for the development of competitive forms. In recent 
years patronage has most often been provided by 
Government, generally for war-like purposes. The 
most expensive examples are the aeroplane and 
nuclear energy. In other cases it has been provided 
by either the supplying or user industry. Such help 
is, however, limited in scope and time and is pro- 
vided by a small number of the more enterprising, or 
rasher, firms. 

This difficulty in passing through the unprofitable 
stage must have prevented the development of many 
ultimately useful devices. In view of the large number 
of new devices which are introduced, this is probably 
not very important provided the adverse factors 
apply in all countries. It may be of very great 
importance nationally if conditions in another country 
encourage the development and, therefore, a 
different, and ultimately more profitable, course of 
action. A disastrous example of this occurred in the 
first decade of this century in the dyestuff industry. 
Aniline dyes were first discovered in the United 
Kingdom, but this discovery was not exploited because 
indigo was available to us in India and was a cheaper 
base. Germany, however, was interested and 
developed the new dyes until they. were not only 
better but also cheaper. This destroyed the dyestuff 
industry in this country, and only the First World 
War enabled us to recover some of our original 
position. 


numerically controlled machine tools 

It may be that numerically controlled machine 
tools, in their present form and as now used, are 
not a profitable investment in this country. The first 
such machine, a tape-controlled contour milling 
machine, was in operation at the Massachusetts 
Institute of Technology about nine years ago. A 
British development programme was started soon 
afterwards and a contro] system was available in 
Britain more than five years ago. Since then a con- 
siderable variety of numerically controlled tools has 
become available, but there seems to be little 
enthusiasm on the part of the user industries. 

In this case, patronage during the early uneconomic 
stage has been provided for the most part by the 
electronic and control firms, which have invested 
considerable sums. The machine tool firms have 
mostly been very cautious and only a very few of the 
more enterprising user firms have bought machines 
as an experiment. Government support appears to 
have been limited to two projects—a Sparmiller for 
the aircraft industry and a more advanced machine 
for the production of aircraft models. 

The slow rate of adoption in this country is 
particularly unfortunate in that industry in the U.S.A. 
seems to take a considerably more favourable view. 
This is no doubt partly due to the considerable 
support given by the Government, which has bought 
about 180 tape-controlled machines for the aircraft 
industry. It may also be due partly to the greater 
willingness of American industry to experiment, 
particularly in organisation. A third reason is no 
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doubt the greater labour costs in the U.S.A. compared 
with the price of equipment; this is approximately 


' three times greater than:in Britain. 


It is not to be expected that patronage on the pre- 
sent scale by the suppliers will continue unless there is 
some indication of profitable business in the 
reasonably near future. Against this, there can he 
little doubt that numerically controlled machine tools 
will become more efficient and that for many 
purposes the use of them will be profitable. Further- 
more, it is to be expected that the cost of labour 
relative to that of home produced or imported 
equipment will increase, making the more advanced 
and labour-saving equipment more desirable. 

The numerically controlled machine tools which 
will eventually be used in numbers will almost 
certainly be very different to those now used. The 
latter seem to have been designed very largely to 
permit ready access by the operator to the workpiece. 

This is important when the workpiece itself must 
be measured and such measurement occupies a con- 
siderable amount of the time the workpiece is on 
the machine. Many seem also to have been designed 
on the assumption that loading and location occupies 
only a small part of the time and that additional 
degrees of freedom, such as turning over of the work- 
piece, is not important. They would, however, be 
important if the time taken to remove metal and 
measure were substantially reduced. Eventually, there- 
fore, the nature of the machine tools will have to be 
re-examined, and it is most improbable that a 
machine suitable for numerical control will resemble 
one designed for manual operation. 

A second change will be in the shape of the 
product. Certain shapes are easily produced by 
manual operation, but are not particularly suitable 
for automatic production, and a controlled machine 
can easily produce shapes which it is difficult for 
the manual operator to make. 

A third, and perhaps the most important, change 
will be in the organisation to use the machines. The 
complete system of machine tool, product and organi- 
sation will take a considerable number of years to 
evolve, and it is most difficult to make any reasonable 
guess about the properties which will be required of 
the machine tool. 

It is of more interest to consider what could be 
done in the near future to make the use of numeri- 
cally controlled machine tools profitable in_ this 
country. If this is not done, there is a risk that both 
the supplying and user industries will be put at a 
disadvantage compared with other countries. 

The only reasonable assumption on which to pro- 
ceed is that the first generation of such machines will 
be rather like the manually controlled machines, 
and that the organisation using them will be rather 
like that which uses the conventional machines. The 
main interest is to see what are the changes which 
must be made in the earliest stage of the development 
of the new system. 


organisation 
The profitable use of a numerically controlled 
machine tool will depend on the organisation of the 
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Cost, overheads 
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& overhaul 7 years 
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Fig. 1. Diagram comparing the economics of the use of computer-controlled milling machines 
with conventional methods. 


workshop and of the factory as a whole, probably 
to a considerably greater extent than it does for a 
conventional machine. This can be illustrated by a 
tentative economic estimate given by Williamson 1. 
In discussing the performance of a contour milling 
machine he reports that the time taken to make a 
three-dimensional cam has been cut from three weeks 
to less than four hours by the use of a controlled 
machine. The time taken to make a milled-block 
waveguide assembly has been cut from two weeks to 
30 minutes. These are, of course, extreme cases in 
which the task is particularly difficult for the human 
operator. If there were a sufficient number of such 
tasks the controlled machine would be fully justified 
economically. 

Williamson then considers a_ less favourable 
case in which the tasks are somewhat less 
difficult for the human operator. His comparison is 
shown in Fig. 1. In this each controlled machine 
does the work of five conventional machines for half 
the cost. This might correspond to the case in which 
the actual cutting and measuring time on the new 
machine was one-ninth of that on the old machine, 
and there were delays common to both machines of 
one-ninth of the production time on the old machine. 
If the ratio of cutting times were less favourable or 
the delays were greater, the economic case would be 
adversely affected. For instance, if the delay were 
one-quarter of the cutting time on a conventional 
machine, three instead of two controlled machines 
would be required to replace the 10 conventional 
machines. 
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The profitability of small machines, in which the 
cost of the controls is large compared with that of 
the basic machine, six times greater in the case being 
considered, will therefore depend largely on the 
ability of the organisation to feed at least one machine 
promptly and continuously with suitable jobs. Some 
firms will have an adequate supply of such jobs, but 
many will not. In the latter case, it will often be 
profitable to design the product deliberately so as to 
make use of the controlled machines available and 
the decision as to whether or not to instal such 
machines will often depend on the willingness to do 
this. 

There will be a similar economic problem as 
regards large machines. Here the proportional in- 
crease in capital cost will be smaller, because the 
controls will be little, if any, more expensive than 
those for a small machine. Whether or not there will 
be any saving in labour will depend on the arrange- 
ments made for loading and unloading. In this case, 
however, the difficulty in keeping the machine 
occupied for a reasonable proportion of the time 
available may be greater and there may be an even 
stronger case for designing products deliberately to 
suit the machines available. 

This concomitant reorganisation of the Drawing 
Office should really be taken further. Much detailed 
draughtsmanship is needed only to produce drawings 
of a kind acceptable to a human operator and 
unnecessary if a tape-controlled machine is to be used. 
It is comparatively easy for the designer to describe 
the shape required in words and numbers, working 
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from a sketch. This information can then be fed into 
a computer which produces directly the tape to be 
fed into the machine. 

Both of these highly profitable steps have been 
taken by a number of aircraft firms in the U.S.A. 
For instance, milled skins are designed to be made 
easily on a tape-controlled machine, even though they 
could be produced only with great difficulty by a 
human operator. The shapes are described by the 
designer in A.P.T. (Automatically Programmed Tool 
System) language, and this is teletyped to a comput- 
ing centre which produces the finished tape. This 
process has virtually eliminated the loft and greatly 
reduced the number of detail draughtsmen required. 


the complete machine 

Until very recently numerically controlled machine 
tools have been modifications of existing manually 
controlled machines. This course of action has been 
dictated by the unwillingness of the machine tool 
industry in Britain to invest the considerable sums 
which would be required to design, develop and 
market a completely new machine. Whether or not 
the industry has been wise in this remains to be seen. 
It may be that the modified machines will be success- 
ful, or that the new machines would not sell in 
sufficient numbers to cover the initial costs. On the 
other hand, it may be that only new machines 
designed primarily for numerica] control would be 
successful. In contrast to the machine tool industry, 
the electronics and control firms have invested con- 
siderable sums in the development of control systems. 
Within their specifications, which assume the use 
of fairly conventional tools, a number of control 
systems are accurate, increasingly reliable and only 
fairly expensive. 

The main purpose of this Paper is to consider the 
suitability of existing machines for numerical control 
and to suggest how new machines should differ 
from these. 

There are three characteristics of machines which 
have an increased importance if numerical control 
is to be used. Most conventional machines are inade- 
quate in one or more respects. One of these is the 
stability against thermal effects, and under stress, of 
the structure between the cutting edge and the table. 
This is of importance, and determines the accuracy 
of both positioning and continuous control. 

The second factor is the rapidity with which the 
table position can be controlled. It is not important 
in positioning, because the approach can be made at 
high uncontrolled speed and the final adjustment can 
be carried out comparatively slowly. In continuous 
control, the maximum cutting speed for straight or 
curved cuts will, in most cases, be determined by the 
rapidity of response. 

A third consideration is the backlash between the 
actuator, or traversing motor, and the table. It is of 
great importance for continuous control and of some 
importance in positioning. 

The range of machines in use is so large that it 
is not possible to generalise. However, most points 
can be well illustrated by reference to contour milling, 
in which the difficulties are as severe as in any other 
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process. As regards structure, the knee type of 
machine is just about the worst possible, so it is used 
as an example in this Paper. 

A contour miller should have at least four degrees 
of freedom. Three of these are needed to place the 
centre of the cutting edge. The fourth is a rotation 
of the cutting tool so that the edge is always tangential 
to the surface to be produced, thus reducing the 
number of passes required to ensure a given smooth- 
ness of profile. This fourth degree of freedom will not 
be considered further. 

An important characteristic of the machine is the 
speed at which a straight or circular path can be 
traversed while attaining the desired accuracy. The 
control firms seem to aim at an error of a few tenths 
of a thousandth of an inch for cutting speeds of 
one inch per second round a one inch radius circle. 
Though there may be little disadvantage in slowing 
down during such a turn, the specification assumed 
is below 0.5 thou. during such a cut. This may be 
a “better” machine in some ways than will even- 
tually be required, but may well be highly desirable 
if, in the early stages, a single machine has to be 
used for a large range of jobs. 

The complete machine may be considered as com- 
prising an input system, a measuring system, a 
computer or control amplifier, an actuator, trans- 
mission and table, the machine structure and the 
cutting head, which will not be considered further. 
The input system and measuring system determine 
the best possible accuracy. The computer, actuator, 
transmission and table form a servomechanism which 
controls the position of the table relative to the local 
structure, and can best be considered as a single 
system. 


the input system 

Some method of inserting the information about 
the desired product must be provided. For a 
“ positioning ” system the simplest form is a set of 
telephone dials and some method, such as a telephone 
uniselector, for turning the commands into electrical 
signals of appropriate form. Two such memory 
devices for each axis of control may be provided so 
that the next set of numbers can be fed in during 
the operation. This method would demand _ the 
constant attention of an operator and lead to a risk 
of incorrect dialling. The next most complicated 
system is to use punched cards or tape. 

For continuous contro] there are two possible 
methods. One is to feed the information in from 
punched tape. The amount of information provided is 
necessarily small and inadequate, so a computer on 
the shop-floor must be used to calculate the con- 
tinuous demands to be fed to the control system. 
The alternative is to keep the computer outside the 
workshop and to use magnetic tape, containing con- 
tinuous demands, as an input to the machine. This 
method can also be used for positioning. 

This part of the complete system is in general use 
for other purposes and seems to pose few new 
problems. One is cost, which is unlikely to be reduced 
very much. A second is reliability and safety, prob- 
lems common to all parts of the system, As mentioned 





above, the economics of controlled machining may be 
quite marginal for some time to come, so it Is 
essential that no part should cease to function except 
very frequently, and that if a fault does occur its 
location should be easily detected and the fault recti- 
fied in a very short time by semi-skilled personnel. 
This probably entails replaceable units. Such 
reliability can be attained but only by very careful 
design. Even if very great care is taken, there will 
be a few remaining weaknesses which must be 
removed by modification. 

The more important property of the input systern is 
safety, the avoidance of erroneous actions. Any good 
machine will, therefore, have some elements of “ fail 
safe” or “ self-checking ”. This, which can never be 
perfect, can be improved by duplication, which is 
expensive, but most profitably by the system design. 
Another important property of the input system is 
the rate at which information is supplied to the servo- 
mechanism. It is shown below that such a delay 
should be less than one millisecond. At some cost, 
this can be achieved by either digital or analogue 
methods. 


the measurement system 

In one sense the major problems of measurement 
have been solved. In another sense the limitations of 
the measuring system are the cause of many of the 
remaining difficulties. This is because it is not possible 
to measure the relative positions of the cutting edge 
and the workpiece directly. Accurate control is 
generally ensured by using a “closed-loop”. For 
instance, if it is desired to put a pointer in a 


particular place, its position relative to that place is 
measured directly. If there is an error, this is used 
to move the pointer in a direction such as to reduce 
the error. How it is moved is not important provided 
the system is stable; that is, the pointer eventually 
does settle down. It may also be desired that the 


pointer settles down in a short time — that the 
response be rapid. 

This assumes that it is desired to put the tip of 
the pointer in a particular position relative to the 
scale. Usually, however, it is the other end of the 
pointer which is of importance. If the pointer is 
bent, the tip will still be placed accurately, but the 
element which it is desired to control, the other end 
of the pointer, will be in the wrong position. In 
other words, the tip and scale, which are in the 
closed-loop, will be accurately placed but the element 
to be controlled is outside the loop and will be 
positioned to an accuracy determined by the change 
in shape of the pointer in the time between the 
original setting up and the operation. 

In nearly all machining operations it is not possible 
to measure directly the position of the cutting edge 
relative to the workpiece. In a numerically controlled 
machine tool it is the present practice to measure 
the position of the table, to which the workpiece can 
be rigidly attached and accurately located, relative 
to the part of the machine on which the table slides. 
All the machine structure between the slide and the 
cutting edge is outside the closed loop and is, in effect, 
the pointer referred to above. Any changes in its size 


or shape between the initial location of the tool 
relative to the workpiece, before cutting begins, and 
the cut will result in an error. 

In manual operation this residual error can be 
reduced by successive approximations. For instance, 
the first cut can be made in what is thought to be 
0.010 in. short of the desired position. If 0.008 in. of 
excess metal is left at the end of the cut, the table 
can be moved by 0.007 in. the intention being that 
0.001 in. of excess metal should be left after the 
second cut. If the structure distorts by 0.001 in. 
during the second cut, the error at the end of this cut 
may still be 0.002 in. or zero. Such a procedure is 
not possible with a controlled machine, except by the 
use of a human operator to measure between cuts, so 
the final product would be in error by between 
0.001 in. and 0.003 in. 

The first effect of fitting numerical control to a 
machine is, therefore, to decrease the accuracy of 
working compared with that which could be attained 
by a skilled and careful operator. As shown later in 
this Paper, it may well be that for conventional 
machines this new error could be a few thousandths 
of an inch. The measuring systems available are as 
accurate, or more accurate, than this defect justifies. 
Most types consist of a scale fastened to the frame 
and another short scale fastened to the moving part. 
Each time the two scales move relative to one another 
by one division, a count of one is recorded. Some 
means of interpolating between counts is provided. 
In one system optical scales, ruled at 100 to 1,000 
per in. are used and the measurement accuracy is 
one or two ten-thousandths of an inch. In a second 
system the scale markings consist of electrical con- 
ducting elements plated on an insulator and _ this 
provides similar accuracy. A simpler somewhat 
cheaper method, is to measure the rotation of a 
leadscrew or of a pinion wheel. In this case, any 
distortion of the leadscrew and nut, or the rack and 
pinion, adds to the residual error, which may be a 
few thousandths of an inch. 

The measuring devices seem to be quite satisfactory 
in their present form. It would be a very considerable 
advantage if a method of measuring directly the 
position of the cutting tool relative to the workpiece 
could be produced, but there is little hope that this 
will be done. 


the servomechanism 

Information about the position of the table is fed 
into a computer where it is compared with the desired 
position. The resulting error signal may be combined 
with other signals, for instance one proportional to 
the actuator speed, and be processed in some way. 
The output of the computer is used to control an 
actuator which moves the table through some trans- 
mission system. It is the properties of this servo- 
mechanism, comprising the measuring device, com- 
puter, transmission and slide, which determines how 
accurately and how quickly the table can be 
positioned. 

In any servomechanism some kind of motion occurs 


‘ without error. It can, for instance, be arranged that 


if no error signal is injected, the speed will remain 
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constant at whatever value was demanded before- 
hand. If an acceleration is demanded of the output it 
must be demanded by an error, so if there is a demand- 
ed acceleration the output must be in error. A further 
improvement can theoretically be produced by 
arranging that no error is required for constant 
acceleration, but only for a rate of change of 
acceleration. Unfortunately, the higher is the order 
of the servomechanism, the more difficult is it to 
ensure stability. In the control of machine tools of 
the present kind, it is probably not possible to use 
anything better than a speed demand system in 
which there is an error if the actuator is moving. 
Various methods can be used to reduce this error. 
Even if this were done perfectly, the acceleration 
error or lag would be appreciable. 

The important characteristic of such a_ servo- 
mechanism is the “stiffness” of control. A measure 
of this “ stiffness” is the velocity demanded by unit 
error. The specification suggested above was that 
the error should not exceed 0.0005 in. if the speed 
were one inch per second. This would imply that if 
there were a velocity lag, the “ stiffness” should be 
not less than 1/0.0005 sec. A more convenient mea- 
sure is the system time lag, the reciprocal of the 
“ stiffness ” or 0.0005 sec. This is the tirne constant 
of the exponential approach of the table to a desired 
fixed position. 

Action to reduce the error is delayed for various 
reasons and this tends to make the system unstable. 
As a simple illustration the desired action might be 
to position the table at a fixed point. If the stiffness 
were as suggested above, then after an interval of 
(0.0005 sec. the error would have been reduced to 
about one-third of its value at the beginning of the 
interval. If there were an additional lag in the system 
of 0.0005 sec. then at the end of the interval, the 
velocity with which the error was being reduced 
would be that appropriate to the error at 0.0005 sec. 
or earlier, when it was three times greater. The table 
would, therefore, overshoot the mark and the motion 
would be poorly damped. If the lag were too great 
compared with the system time constant, the system 
would be unstable or poorly damped. 

If, therefore, it is desired to use a “ stiff” system, 
in which the errors are small, it must be arranged 
that any lags included in the loop are small. One 
such lag is the rate at which information is supplied 
by the computer. At some cost it can be arranged 
that this is small compared with 0.0005 sec. Another 
lag is the rate at which the actuator can gain speed. 
It was assumed above that the actuator velocity is al- 
ways proportional to the error. In fact, this cannot be 
achieved in practice. At best it can be arranged that 
the acceleration of the actuator is proportional to 
the weighted sum of the error and the velocity. That 


is that: 
d°x : ‘en 
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where x is the position of the table 
Xp) is the desired position of the table 
T is the time constant 


K is a constant 


The velocity will, therefore approach the desired 
value, (xp-— x)/T, with a time constant 1/KT. This 
is a lag within the loop and must be smaller than T, 
so K must be larger than 1/T?. The actuator must, 
therefore, be one in which the time taken to 
accelerate is considerably smaller than the system time 
constant, 0.0005 sec. in the example. This can be 
achieved either electrically or hydraulically, but again 
at some cost. 

A more important lag from the point of view of 
machine design is that due to the compliance of the 
transmission. The actuator applies a force-or torque 
to one end of the transmission. At first this has no 
effect except to compress (or extend) the transmission. 
As the strain increases the other end of the trans- 
mission applies an increasing force to the table and 
accelerates it. In effect the actuator is connected to 
the table by a spring or series of springs. This spring 
and the mass of the table form an oscillatory system. 
If there were no damping, the period of the oscilla- 
tion would be 2 14/ mass X compliance. If the table 
were critically damped the effect on the performance 
would be as though there were two time lags each 
of 4/ mass X compliance. The sum of these two time 
lags must be considerably less than the system time 
constant. In the example, therefore, if the table mass 
were 25 slugs, about 7 cwt., the compliance of the 
transmission would have to be less than one inch per 
30,000,000 Ib. force. This is unrealistically small, 
indicating that if the rate of supplying data is 
adequate and the actuator response sufficiently rapid, 
the velocity lag will be determined by the compliance 
of the transmission. It would be proportional to the 
square root of the compliance. For instance, if the 
compliance were | in. per 250,000 lb. and the mass 
of the table were 7 cwt., the error would be 6 thou. 
at the maximum cutting rate of | in. per sec. 

This indicates that a straightforward velocity lag 
control would not be acceptable. One palliative which 
has been adopted is to feed into the computer from 
the controlling tape a measure of the desired velocity, 
and from a tachometer mounted on the actuator a 
measure of the achieved velocity. If the scales of both 
these velocity signals were equal, the velocity 
lag would be eliminated. If the scales differed 
by 10% the 6 thou. error deduced above 
would be reduced to 0.6 thou. The quality 
of the tachometer is, therefore, determined by 
the accuracy desired and by the natural frequency 
of the transmission. An alternative palliative is to 
integrate the error signal and add the integral to the 
command signal. 

Even if the velocity error were eliminated, there 
would remain an acceleration error. This also is 
determined by the lags in the system. For instance, 
if the tolerable error were 0.5 thou. for | in. per sec. 
per sec. the natural frequency of the loop would be 
about 8 c.p.s., that of the transmission and table would 
have to be at least 40c.p.s. and the compliance for 
a 7cwt. table not more than about | in. per 
200,000 Ib. force. 

It would appear, therefore, that either the accuracy 
of control of the table position or the rate of cutting 
may well be determined by the compliance of the 





transmission. There are, however, other ways in which 
the machine may limit the performance of the servo- 
mechanism. One is static friction. If the table were 
stationary and a movement was demanded, the 
actuator would operate. This would compress or 
extend the transmission but at first the table would 
be restrained from moving. Eventually, the static 
friction would be overcome and the table would 
accelerate rapidly. During the period of stick the 
workpiece would have been cut in the wrong place. 
Singh2 has shown that the maximum error would 
be approximately equal to the strain of the trans- 
mission corresponding to the maximum static friction. 
If, therefore, the compliance were 1 in. per 
250,000 Ib. and the static friction were 125 lb. force, 
the “ stick-slip ” error would be 0.5 thou. 

A certain amount of viscous friction in the trans- 
mission and slides would be desirable so as to damp 
the oscillatory motion of the table. It should, how- 
ever, be neither too small, which would cause poorly 
damped oscillations due to both actuation and cut- 
ting forces, nor too large, which would increase the 
size of the errors. 

A further requirement is that backlash in the trans- 
mission should not be excessive, because under certain 
conditions the table will oscillate continuously with 
a peak to peak amplitude somewhat greater than the 
backlash. 


the actuator and transmission 

The requirements for the actuator are that it 
should be able to provide sufficient force or torque 
and power, and that it should be able to react 
sufficiently quickly and smoothly. The force and 


power which must be transmitted to the table must 
accelerate and move the table and counteract any 
forces due to the cutting process. In the example of 
a machine in which the table weighs 7 cwt. and the 
maximum acceleration is 1 in. per sec. per sec., the 
force required to accelerate the table would be 
only 2.5lb. force and the power consumption 


associated with this acceleration would be 
less than 1/2,000 H.P. If the compliance 
of the transmission were 1 in. per 250,000 lb. force, 
the natural frequency of oscillation of the table 
would be 50c.p.s. This would requife a damping 
force, at the maximum speed of | in. per sec., of 
1,000 Ib. force to ensure two-thirds of critical damp- 
ing. The power consumed would be 1/5 H.P. The 
cutting forces are likely to be considerably larger than 
this and will, therefore, determine the power of the 
motor required. Speed and smoothness of reaction are 
not likely to be major problems. 

The transmission, including any gearbox and the 
slides, must have an adequately low compliance and 
the accuracy or speed of cutting will probably be 
determined by this characteristic. As an example, if 
the table weight were 7 cwt., and it were desired to 
cut round a circular arc of | in. radius at | in. per 
sec. with an error of less than 0.0005 in. the com- 
pliance would have to be less than 1 in. per 250,000 Ib. 
force. Static friction would have to be less than 
125 lb. force and backlash less than 0.0005 in. or 
perhaps 0.00025 in. 


As the required motion is linear, it would be most 
convenient to use a linear actuator, such as a 
hydraulic ram, controlled by a quick acting valve. 
This would obviate the use of a gearbox and lead- 
screw and nut, and in all respects except one the 
specification could be met without difficulty. The 
exception is the compliance. Even if the cylinder 
walls were infinitely stiff, the oil in the cylinder would 
act as a spring. If the length of the column of oil 
were Jin. and the cross-sectional area were A sq. in. 
the compliance would be approximately 4 X 10° 
l/A in. per lb. force. If the length were 24 in. and the 
diameter were 4 in., it would be as great as | in. per 
100,000 lb. force. If the length were 36 in. and the 
compliance | in. per 250,000 lb. force, the diameter 
would have to be 7 in. Since there would be some 
compliance in the attachments and in the push rods, 
the diameter would, in fact, have to be considerably 
larger. 

The alternative is to use a rotary actuator, either 
an electric or hydraulic motor, a gearbox, leadscrew 
and nut (or rack and pinion). The leadscrew can be 
reasonably stiff. For instance, a 2 ft. long screw with 
a core diameter of 14in. has a compliance of only 
1 in. per 2,000,000 Ib. force. To this must, however, be 
added the compliances of the gearbox, of the lead- 
screw in the nut and of the structure supporting the 
motor and gearbox. With careful ab initio design the 
total can be kept down to about the required value, 
but it is doubtful if a machine designed without this 
requirement in view can be modified satisfactorily. 

Backlash can arise in the gearbox, but special boxes 
have been designed in which it has been reduced to 
a satisfactory extent, corresponding to 1° or so of 
motor rotation. It also arises in the nut, but here 
also the use of sprung recirculating ball nuts has 
proved fairly satisfactory. 

As mentioned above, static friction must be reduced 
below some value, 125 lb. force being suggested. This 
necessitates the use of recirculating ball nuts or a 
similar device. The other source of static friction 
is in the slides. For plain slides the coefficient of fric- 
tion may be one-quarter or more depending on the 
adjustment. With a 7 cwt. table this would be 200 lb. 
force. It may often, therefore, be desirable to use some 
other kind of slide. Perhaps the most promising is the 
hydrostatically lubricated or floated bearing, the 
stiffness of which can be considerably in excess of 
10,000 Ib. force per inch for each square inch of 
bearing surface. 


the structure 

The remaining, and perhaps most difficult problem, 
is that of structural stability. As mentioned above, 
the control system can only position the table relative 
to the local structure. The position of the cutting 
edge relative to the slides depends on the structure. 
An initial location can be made but any change in the 
shape or size of the structure during cutting will cause 
errors. Such changes may be due to thermal effects, 
to elasticity and to backlash. Absence of backlash in 
the slides and in the spindle of the cutting head are 
obvious requirements. It is also necessary to support 
the table over the whole of its length. An additional 
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Fig. 2. Knee type structure. 


requirement, when direct measurement is not possible, 
is that the slides should be straight. Player and 
Temple 3 have shown that a bowing of only 0.0005 in. 
in a length of 24 in. can cause an error of 0.003 in. 
It was mentioned above that the shape of the 
machine should be reconsidered if ready access to 
the workpiece is not required. The need for this can 
be illustrated by reference to a knee type or other 











I~ 

/ _ i“ 

/ 

Pd h _ 
7 ~ 
A \ 
4 ™ S 
4 y, 
4 > / 
, ? 
) / P 
v / / 
/ / 
/ 
/ 
/ 

! ! 
! 

| | 

} y 











Fig. 3. Effect of temperature gradient. 


cantilever machine. For this purpose a simple and 
quite favourable form is as shown in Fig. 2. The wall 
thickness of this box structure was chosen to give a 
compliance in the vertical direction as small as | in. 
per 2,000,000 lb. force. If the temperature of the 
whole machine and the workpiece increased by the 
same amount, no error would result. If the tem- 
perature of the cutting head only, represented in the 
drawing by the tool, increased by 10°C, an error in 
the vertical direction of 0.002 in. would result. 

An error would also be caused by a temperature 
gradient across the box section, as shown in Fig. 3, 
for the vertical section. This would amount to a move- 
ment of 0.0015 in. per 1°C difference in temperature. 
Such a temperature gradient could be caused by con- 
duction of heat from the cutting head, by sunlight 
falling on one face of the box or by a temperature 
difference between the two sides of the shop. Only 
10 watts, 1/80 H.P., of heat input over the face would 
cause such a temperature gradient. This must be 
compared with one or so horsepower of heat which 
must be removed from the cutting head and the 
250 watts which would fall on the face in direct sun- 
light. In the structure chosen no horizontal movement 
of the cutting edge would arise from an even heat 
input into the front or rear faces, because the edge 
is halfway up the vertical box. This zero error is, 
however, the difference between two movements of 
the same order of magnitude as the vertical shift. If 
therefore, the heat input were not evenly distributed, 
and the distorted shape were therefore not circular, 
or if the cutting edge were not in the position 
assumed, horizontal errors of the same order of 
magnitude as the vertical error would arise. 


This change in shape would not be of importance 
if the temperature changes took place sufficiently 
slowly, because only the change between location and 
cutting need be considered. In fact, however, about 
half the change will take place in only 10 minutes. 


The structure was designed so that the vertical 
compliance is about | in. per 2,000,000 Ib. force, a 
very high figure. Real machines have a somewhat 
larger compliance, Tobias 4 having measured values 
of lin. per 1.000,000 lb. in the vertical direction, 
and 1 in. per 500,000 Ib. in the horizontal direction. 
If the machine is to be used to capacity the cutting 
forces may be some thousands of |b., so errors of some 
thousandths of an inch are to be expected. 


Fast and accurate cutting should not, therefore, 
be expected of a numerically controlled cantilever 
machine tool. A gantry type of machine would be 
somewhat more satisfactory, the errors being perhaps 
cut to a quarter. There seems, however, to be no 
reason why a comparatively complicated structure 
with very much smaller compliance should not be 
employed. 

Even if this is done thermal effects will have to be 
reduced. Conduction of heat from the cutting head 
should be as symmetrical as possible, and it would 
also be advantageous if cooling of the head were 
provided and it were thermally insulated to some 
extent from the remainder of the structure. Some 
form of enclosure should also be provided. 




















conclusion 


Tape controlled machine tools available in Britain 
are the result of the enterprise of electronic and con- 
trol engineering firms. Few machine tool constructors 
and production engineers have shown any interest 
or any willingness to invest money or even to consider 
the associated problems. As a result the machines 
consist of tools designed for manual operation, 
modified in some respects and fitted with control 
systems. 

The specification of the control systems may well 
therefore, be unrealistic. In particular, many of the 
systems have a performance better than can be 
justified by the performance of a modified conven- 


tional machine tool and ‘which it would be difficult, 
but perhaps possible, to match with a tool designed 
primarily for tape control. An essential next stage 
is for the production engineers to decide on the types 
of machine which they could use and which they 
would buy in numbers. In such considerations it 
would be essential that they take into account the 
associated necessary changes of the organisation, 
and redesign of the products to be made, and make 
realistic assumptions about the price of high perfor- 
mance. Not until this has been done can the machine 
tool constructors have any confidence that sales will 
pay for the high development costs of completely 
new machines and, therefore, be expected to under- 
take such enterprises. 
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DISCUSSION 
Chairman: Mr. R. RATCLIFFE, C.B., M.B.E., M.1.Prod.E. 


Mr. J. Sargrove (Automation Consultants and 
Associates Ltd.) said that he might not be the best 
person to open the discussion as he was something of 
a heretic. He had made lots of machines ahead of 
their time and had perhaps made the kind of mistakes 
that the American control machine builders may have 
made in adopting what they could get hold of and 
then trying to modify it. 

He had been astonished at the immense insight 
possessed by Professor Whitfield into all the factors 
affecting accuracy. As far as he knew, no one had 
previously done this so thoroughly in the field and 
they all owed him a debt of gratitude. He was sure 
Professor Whitfield was quite right when he indicated 
that the production of complex structures was the 
rightful outlet for the employment of these machines. 
To use them for the production of simple things like 
gudgeon pins would be absurd. However, he would 
suggest that in their normal production techniques 
there were many things that resembled this, though 
one did not normally think of them in that light — 
things like moulding tools, die casting tools, die sink- 
ing tools, even prototype stampings — in respect of 
which one did not have a prototype form. It might 


be useful for some means to be available of making 
a simulated stamping. 

In prototype-making design laboratories, where one 
wanted to try new mechanisms, there must be a way 
of making this pay for itself. In prototype-making one 
did not want to waste time creating “ pretty” draw- 
ings that could be left to the works engineer. One 
merely needed a highly-skilled toolmaker who could 
produce something that one could try out and then 
modify. Clearly, speed of getting on with the job 
was essential and such a machine could save 
time and money in a prototype-making laboratory 
or workshop. 

Normally, it took several weeks to make a complex 
moulding tool, with many knobs and grooves on it, 
for, say, a coffee pot. With a numerically controlled 
machine tool one would probably be able to avoid 
making the drawings. An industrial design artist 
could sketch out the sort of thing one wanted—the 
exact dimensions were not of great importance. One 
fed the artist’s information, in engineering terms, 
into the machine, using the male shape of the object. 
One could put exactly the same programme into the 
female shape, e.g., the inside of the coffee pot with 
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the instruction to make everything { in. smaller. 
This was the way in which one should look upon this 
new technology. 

There was another obvious way in which to fill 
in production time in such a machine and help pay 
for it. In this country there were thousands of cam- 
using machines. Cams took quite a while to make and 
involved a complicated drawing with all kinds of 
radii. Could one not have a cam-making centre serv- 
ing a whole city, such as Manchester or Birmingham? 
One might have as many as 500- 1,000 such cam 
using machines, in all the sizeable towns. These were 
all potential customers for the machine tool. He hoped 
that what he had said would help persuade the 
machine tool designers and builders not to lose heart 
and to spend a great deal more money in this field. 

Regarding the boxlike machine with the manhole, 
which had been illustrated, this would obviously solve 
the problem of the bend to which the author had 
referred. Mr. Sargrove saw no reason why it should 
not be built, but if one were to suppose that there was 
a difference in the composition of the centre of a 
tool as compared with the rest, there was differential 
expansion because the outsides of the box were longer 
than the middle, one might be able to make the 
outside from a different metal. It was worth recalling 
that the famous pendulums of 500 or 600 years ago 
were partly made of zinc and brass to avoid differen- 
tial expansion when the sun shone on the metal. 
Part of the box could be made of a zinc moulding. If 
one were to spend tens of thousands of pounds on a 
control unit, one could also spend a few more 
hundreds of pounds in getting an especially good 
and stable machine tool. 


Professor Whitfield said that our draughtsmen and 
designers were trained to design things suited for 
production on conventional machines and _ these 
would be unsuitable for controlled machines. If the 
controlled machine were to be employed profitably, it 
might often be necessary to change the shape of 
the product. 

In answer to Mr. Sargrove’s second point, with a 
more complicated structure one could overcome many 
of the elasticity troubles, but there would still be 
some thermal troubles. They were diffcult to do 
anything about. Some automatic compensation might 
be necessary. Almost certainly it would be necessary 
to have some efficient means of removing heat from 
the cutting head. One could not afford to have odd 
horsepower of heat energy wandering about the 
machine. One had to cool them deliberately and 
insulate the source from the rest of the structure. 


Mr. F. N. Mooney (R.O.F., Blackburn) supported 
Mr. Sargrove’s advocacy of the possible use of 
numerical tape machines for moulding tool work. His 
organisation made its own moulding tools. Considera- 
tion had been given to the use of machines, but the 
restricting factor had been the fourth degree of 
movement of the cutter spindle. It was time that the 
machine tool industry gave consideration to this. He 
did not know of any machine on the market which 
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possessed it. Certainly the number of users would be 
greatly increased if it were available. 


Professor Whitfield said that, a year ago, one firm 
in the U.S.A. had produced machines with 4° - 5° 
of freedom. He did not know about the surface finish 
obtained. 


Mr. Sargrove said that finish on the tool was 
attended to afterwards. They were dealing with die 
castings which did not have to be precise everywhere. 
Normally the main work on making such tools might 
take a month and the finishing only a day. 


Mr. D. Ridgway (Development Engineer, Gear 
Grinding Co. Ltd.), speaking as a machine tool 
builder, said that his organisation had done a lot of 
this work some four years ago, but had not gone on 
with numerical control at once because of (a) machine 
stability and (b) stiffness of the system, Quite a lot 
of work had since been done on machine stability, 
especially thermal stability, and it did appear as 
though the gantry structure might be the best for the 
job. There were other problems, such as the heat 
generated by the cutting heads, and where to put 
the motors. 

Existing control systems were for the knee-type 
milling machine. That was what they were designed 
for. If one tried them on any other kind of machine 
one encountered problems. They had started out with 
their own system of control and he knew of three 
or four other firms ‘with their own type of control. 
Those available did not seem suitable for very 
accurate work. His firm was looking for accuracy of 
1/10 thou. They made a good many highly accurate 
cams at 24 hours’ notice for customers who looked 
for high accuracy and speed of production. 


Professor Whitfield said that essentially the same 
control systems were being fitted to quite a range of 
devices, e.g., a jig borer. 


Mr. D. Ridgway said that with grinding one tried to 
operate at about 40 ft./min. and that existing control 
systems would not work so fast. 


Professor Whitfield said that for Mr. Ridgway’s 
work a stability of 1/50 thou. seemed to be needed. 
These machines would be very expensive and cost 
a lot to develop. However, if he wanted them, he 
could have them. 


Mr. G. W. Nichols (Chief of Production Engineer- 
ing Development Section, Marconi’s Wireless 
Telegraph Co. Ltd.) felt that the speaker had greatly 
underestimated the ingenuity of the production 
engineer. He had taken a very unfortunate example to 
illustrate, not what controlled machines could do, but 
why controlled machines were not sold. His own 
company produced a diversity of parts very similar 
to those shown — possibly even more complex. They 
had not a controlled machine in the firm. They pro- 
duced on what was basically a router, with very 





inexpensive tools. He felt confident that they worked 
to the same limits as the parts displayed. 

In reply to Professor Whitfield, he said that it was 
copying work and that the master was made in the 
tool room on orthodox machines. He was sure they 
could not afford one of these devices for the purpose 
of making the master. 


Professor Whitfield agreed that economics were of 
paramount importance and production engineers 
were perhaps quite right in not buying them at the 
moment. Production engineers should, however, take 
a larger part in investigating the potentialities of this 
new technique: it would almost certainly pay off 
in the end, and whoever got in first would have the 
greatest advantage. No one else could do it. It was 
really something more than an interesting novelty 
that made a good symposium subject once a year. 


Mr. F. Roberts (U.K.A.E.A.) expressed surprise that 
no firm had put a really good machine together, with 
control, and hired it out, as had been done with 
one or two very expensive pieces of equipment before, 
e.g., in developing big rubber presses or “Hydroform” 
or, in fact, the computers themselves. It would 
demonstrate to potential customers that here was 
something which worked better than all the knee- 
type millers already operating. The only thing lack- 
ing was confidence in them. 

Thermal accuracy would have to be ensured 
whether one had tape control or the knee-type miller. 
All the hydraulic copying system would do was put 
the tool in a certain relationship to the stylus. It 
would not account for movements of the head of a 
lathe. Such problems had to be solved anyway. 

The author had tended to give the impression 
that in the United States the rough and ready 
approach had been adopted rather than one aiming 
at high accuracy. He did know of the Bendix 
machine, specially designed for tape control, which 
was extremely accurate. It was two-dimensional only, 
the third being by rotation of the spindle. The 
accuracy was of the order of tenths. 


Professor Whitfield said that, in regard to the 
thermal aspect, if one were using a machine manually, 
the frequency with which checking of sizes took 
place was much greater than with an automatic 
machine. If there were a movement of one or two 
thousandths the operator could take it out, but with 
the controlled machine there could be no check after 
the first time if it were to be used efficiently. On a 
manual machine one could take out most of the 
thermal effects by repeated measurement. If the 
numerically controlled machine were inherently 
highly profitable one might use it, to a certain extent, 
inefficiently, stopping it every five minutes to check 
and set in the new zero, but it would slow down the 
process. If the whole operation were marginal, as 
it well might be at present, this would not be accept- 
able. 

He did not know how much machines for copying 
cost. They worked to about a thou. and were pro- 
bably rather cheaper than the others; thus the 


economic balance was rather different. Rightly or 
wrongly, the aim in Britain was for high accuracy 
so that effects that were not important in copying 
were important here. Also, because the machines 
were expensive one tried to use them more rapidly. 
He understood that on a vertical milling machine as 
the spindle warmed up during the first two hours one 
got a slope of the order of three thou. in a good 
machine. The manual operator could do something 
about it. With a numerically controlled system one 
could not afford to let it run for an hour while it 
warmed up, because it was costing £2 an hour instead 
of 15s. One tried to get the last little bit out of it. 

In regard to the American position, a year ago 
the favoured system was that developed by G.E. 
using measurement on the lead screw. The specifica- 
tion was 0.005 in. and in production they were getting 
something of the order of 0.003 in. Bendix, G.E. and 
a number of other firms, including North American 
Aviation, were developing more accurate control 
systems. He had heard that the manufacture of a 
British system had been licensed in America now. A 
year ago most of the machines being used in America 
were comparatively crude but had proved very 
successful. 


Mr. W. Hird (Twickenham Technical College) 
asked whether Professor Whitfield could justify his 
contention — he might have misheard him — that 
sometimes a design should be made more complex so 
that it might be more economically produced on the 
numerically controlled machine. Surely the design of 
a component should be as simple as possible, so it 
could be made simply? A colleague had suggested 
that a natural consequence of the other policy would 
be to have embroidery on the jerseys of Nottingham 
footballers so that more work could be provided for 
the Nottingham lace industry. 


Professor Whitfield said that he was quite willing 
to believe that he had said it but he did not mean it. 
(Laughter.) He had meant that the balance of difh- 
culties was different. The manual operator, if cutting 
an outside corner, would probably prefer a sharp 
corner. This was a difficult shape for a tape-controlled 
machine because it had to machine one side, stop 
and then accelerate. It was easier to do it some other 
way — the most economical way for the tool. When 
using manual control for small numbers off, the 
shapes produced had usually to be rather simple — 
and sometimes not the best shape. The tape-controlled 
machine did not care whether it was a straight line 
or a circle, so long as it was not too sharp. What he 
meant was that we had come to think of things as 
simple and easy in terms of the manual operator. 
whereas much more “complicated” patterns were 
often easiest for the controlled machine. 

Similarly, if one were going to spend a long time 
measuring the workpiece and thinking about the next 
adjustment, one presumably did not mind spending 
some time taking the workpiece off and putting it on, 
but if speed were of the essence such actions might 
absorb a large part of the time. 





The Milwaukee-Matic would index eight positions 
about a vertical axis, so the user should make certain 
that all holes were in one plane and at 45° to one 
another; further, all faces should be either at 45° or 
90° to one another. One did not want angles of 
224°. The shape should be suited to the machine. 


Mr. Sargrove added that many devices were made 
up of a large number of simple parts that were 
assembled by manual labour to become a complex 
whole. It might pay to make the finished product out 
of one piece and then assembly would occupy only 
a small percentage of the time. One could thus 
save all the extra cost on the reduction in assembly 
time. 


Mr. K. J. Hume felt that the peopie who had 
already gone in for tape-controlled machines were 
obviously those who had difficulty in making com- 
plex things such as wave guide blocks and aircraft 
spars. Other people were tending to come in at the 
wrong end in the matter of automatic control. One of 
the exceptions was the British Oxygen Company 
which was using such a system for the cutting of 
ship’s plate to relatively wide tolerances of probably 
0.010 in., 0.020 in. or 0.030 in. One was, not then 
concerned with many of the problems that the author 
had outlined. 

At the other extreme, one had very high accuracy, 
where cost was of much less importance. Perhaps as 
a nation we should concentrate on the less accurate 
work where high production of complex things was 
desired but present means were too slow. We might 
then gain a good deal of experience in numerical 
control. 

At the same time, perhaps we could afford to spend 
a good deal of money on building expensive and very 
accurate machines for use in centres, such as had been 
suggested, for the making of cams and other complex 
shapes. Relatively few at a time might be needed 
but they were needed quickly and they must be 
accurate. If the two ends of the problem were 
approached simultaneously we would be much more 
certain of the intermediate stages being developed 
by normal supply and demand. 


Professor Whitfield thought it important to get 
these controlled machines, of one kind or another, 
fairly widely used to enable the cost studies to be 
made. If money could be saved it could pay for the 
next development. 


The Chairman added that not merely the lower 
degree of accuracy, but the factor of special shape, 
had to be considered. The only other way of pro- 
viding such a shape would be by making templates or 
something of the sort. There might be cheaper ways 
of doing work of low accuracy, but special shapes 
could not so easily be achieved by ordinary methods. 


Mr. L. Webster presented some calculations based 
on the specification offered by the author, which 
showed that per inch of workpiece traversed approxi- 
mately seven revolutions of the cutter would be 
involved (assuming the cutter to be 1 in. dia.), He 
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very much doubted whether one could in those cir- 
cumstances produce to within a limit of } thou. 

In regard to the selling aspect, the factor of speed 
as opposed to cheapness had also to be considered. 
One had to get a component out in a reasonable 
length of time. It might be part of capital equipment 
costing hundreds of pounds a month to run. The 
savings on that sort of thing alone would well and 
truly cover the cost of the automatic machine tool. 


Professor Whitfield said that he had forgotten to 
mention that this kind of machine ran at about 
30 in./min, in cutting slots, with an accuracy of about 
1 thou. in light alloy. He did not know how it cut 
steel. There had been a certain degree of silence on 
this point. The figures were an improvement on pre- 
sent practice for light alloy. 


Mr. Webster said that it still seemed extremely 
fast. 


Professor Whitfield replied that it was claimed to 
be not fast enough at 30 in./min. Whether the cutting 
head size could be made to match this he did not 
know. Perhaps in that respect the specification was 
illogical. Another claim, made for the Milwaukee- 
Matic, was that one could do a number of jobs on 
it, and that a particular item went through the factory 
quickly because it did not have to wait until succes- 
sive machines were available. That was considered 
important. 


Mr. J. W. East (Assistant Manager, War Office 
R.O.F.) said that Professor Whitfield, though claiming 
ignorance, had put them to shame by his knowledge 
of machine tools. He did not think that the knee- 
type milling machine was very suitable. Could they 
not take a leaf from the book of those who made jig 
borers? They had taken the bridge-type machine and 
produced accurate lead screws—admittedly manually 
operated. Surely the inbuilt design of these machines 
could be taken up by some machine tool manufac- 
turers in order to put in tape control and equal their 
standard of accuracy? 


Professor Whitfield replied that with a completely 
new machine type, the promoter had to meet all the 
development and design costs, and may well feel 
that at the moment he would not get his money back. 
Thus there was a reluctance to do more than modify. 

It was claimed that the Jig mill looked rather 
different from other tools of its class in that it had 
been deliberately designed to be the right shape for 
that kind of job. In this case there had been a 
willingness to gamble but machine tool builders were 
generally not anxious to do this. A machine that 
would sell for £6,000, might cost tens of thousands 
to develop, and 100 or 200 might have to be sold 
to recoup the capital outlay. At the moment the 
prospect of doing this did not seem encouraging. 


Mr. D. Ridgway said that in thinking of the re- 
designing of machine tools he was reminded of 
Professor Loxham’s reference to diminishing returns. 
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A high degree of expenditure was required for an 
improvement of 10% - 20%. 


Professor Whitfield said that he was glad to hear 
that there were some industries in which the 
development of new projects was more expensive than 
it was in the electronics field. 


Mr. L., J. Blache (Elliott Bros. (London) Ltd.) asked 
why they could not go one stage further and get 
away from conventional cutting methods so as to use 
electrolytic grinding and other means which 
generated far less heat and were virtually stress-free. 


Professor Whitfield replied that he had a vested 
interest in research and development and was there- 
fore all for it! It was improbable that the present 
cutting processes, or shape of cutting tools, were the 
right ones. However, he hesitated to suggest that any- 
one go a step further when there was such reluctance 
to take the first step. Professor Loxham was interested 
in gear cutting. He had seen a very nice device in 
Germany in which spark erosion had been used for 
gear cutting. If one could use that on a controlled 
gear cutting machine all the elastic difficulties would 
disappear, the thermal effects would be lessened and 
the servo problem would be eased. 


Mr. C. F. Steventon (Development Engineer, 
British Oxygen Gases Ltd.) thought it interesting to 
hear this discussion of the physical shape of the 
machine tool. This was understandable because it 
was something tangible. Earlier the author had 
mentioned the A.P.T. system of programming. This 
was not the simple form of programme that one 
would expect. It was in quasi-English but not easy 
to apply unless the profile to be cut was also relative- 
ly sumple. More emphasis should be placed on the 
preparation of the information to be fed into 
numerically controlled machines. Apparently in the 
United States something like 100 programmers were 
being used to work out the A.P.T. programme. The 
cost of doing it in this country should also be borne 
in mind. 


Professor Whitfield said that he had been impressed 
most in the United States by the fact that it was no 
longer an academic idea, but a matter for production 
engineering. The drawing office of North American 
Aviation was trained to use A.P.T., which was quite 
easy to understand. One could almost draw the shape 
from reading it. It was claimed to be highly profit- 
able because of the saving on lofting and in the 
drawing office. Like most aircraft firms, North 
American Aviation had a digital computer, and could 
get a tape back in a day. Instructions were teletyped 
from the west coast to the east and the tape was 
flown back the next day. 

When he told the firm that he had come to talk 
about numerically controlled machine tools, he had 
been taken to a workshop and introduced to people 
who made things. The technique was actually 
established and running. He had been to M.I.T. who 


had begun the A.P.T. and had thought it was some- 
what abstract — perhaps suitable for the college to 
indulge in as a hobby — but he had been surprised to 
find it in operation at the aircraft firms. 

If one wanted fourth order curves the programming 
was much more difficult. Circles and straight lines 
could be handled quickly by semi-skilled labour. 
Three-dimensional work was much more complicated. 
One had to produce digital programmes to inter- 
polate between the two sets. Few people used complex 
three-dimensional shapes because they could not be 
made easily on ordinary machines. In America labour 
costs, relative to capital costs, were three times higher 
than those of Britain. The saving on drawing office 
cost might not be sufficient to make it economical 
here. In America it was normal procedure. 


Professor Loxham, congratulating Professor Whit- 
field on his Paper, said that when the Symposium was 
organised, it had been suggested that the Paper 
should be enlightening, and that had certainly proved 
to be the case. He had enjoyed listening to him, and 
had been very interested in the way he had brought 
simple calculations into his thinking — something that 
production engineers could do a great deal more. 

Turning to design, a simple problem like a quad- 
rilateral triangle with a | in. radius at each corner 
was difficult for an ordinary vertical milling machine. 
However, it was the kind of thing that the tape- 
controlled machine did very easily. It called for a 
new kind of thinking, because the draughtsman 
would be inclined to avoid using certain shapes, think- 
ing that they would be difficult to make. 

He would like to have Professor Whitfield’s views 
on the problem of developing the tape-controlled 
machine so that they could get on with the task of 
getting it into use in this country. The machine tool 
industry seemed to be becoming more aware of the 
need for research as a group, and it had been 
suggested that such a research unit might be set up 
for the Machine Tool Trades Association. If this 
were done certain tasks would have to be allotted, 
and it would seem in the interests of the British 
machine tool industry as a whole to club together 
and put a substantial amount of money towards 
investigating this particular problem quickly, to see 
whether the development should be backed. 


Professor Whitfield said that research and develop- 
ment was a most frustrating business. The easy part 
was the research and early development. The almost 
impossible problem was to find out what was worth 
working on in this way. There were many competent 
research teams, capable of producing the most compli- 
cated devices. There were very few people who could 
tell them what to work on to best effect. In his own 
experience, perhaps only one project in ten was 
successful, and at least eight of them ought never to 
have been started at all. The almost impossible thing 
was to determine the aim. It was at the point of 
writing down the specification that almost all projects 
went wrong. As soon as possible some body of people 
should say what was wanted, or would be useful. 
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Professor Loxham said that this was something that 
the Institution could quite usefully do. 


Professor Whitfield felt that it was difficult to see 
who else could start it and keep it going. It was a 
most difficult and highly-skilled task, and it was 
generally not done. Assessment of research was vital, 
and without it little real progress would be made 
except by chance. The approach to assessment must 
be professional and far-sighted. 


Mr. A. Flett (Project Engineer, Machine Tool 
Design, Fairey Engineering Ltd.) expressed his great 
interest in Professor Whitfield’s exposition of the new 
parameters for the design of controlled machine tools. 
He objected to the proposal in favour of accepting 
the existing accuracy of the jig borer and putting a 
contro] system on it, with the assumption that one 
would be able to maintain that degree of accuracy. 
It should be realised that the fitting of a control 
system to a machine tool involved new design para- 
meters. Pitch accuracy of the lead screw was no 
longer important. The vital factor was stiffness of the 
lead screw, which was not normally a requirement on 
conventional machines. 

One source of inaccuracy in a controlled machine, 
not touched on in the Paper, was: velocity ripple in 
the transmission due to slight errors in gearing, or 
misalignment of the leadscrew. On a conventional 
machine the operator was using only one traverse 
motion which was always parallel to the plane of the 
cut, so that velocity ripple did not have much effect 
on the surface being produced. On a continuously 
controlled machine tool one had two motions at 90° 
to each other, often acting together and producing 
an inclined face, and here the velocity mpple was 
important. It could be overcome by careful design 
of the gear box and the transmission system, but it 
demanded more accurate gears than were used in 
conventional machine tools. 

A few years ago Fairey’s had been faced with the 
problem of machining aircraft spars, and had looked 
around to see what machine tools were available. The 
machine tool] industry had not been interested in the 
special requirements of modern aircraft. Accordingly, 
they had set about studying what was required of a 
machine tool that would produce these components. 
They had eventually designed and built a machine 
incorporating the Ferranti control system which had 
just been developed at that time. The design study 
had revealed all these new parameters which were 
outlined in Professor Whitfield’s Paper. Investigation 
of the slide friction problem led to the development 
of a hydrostatic support system which eliminated 
stick-slip. The 9-ton column could be moved along 
the bed at 200 in./min. with a drive force of only 
40 Ib.; or at 2 in./min. with a force of $b. The stiff- 
ness of the system was such that reducing the load by 
8 tons, with a residual 1 ton on the slide, 
resulted in a vertical movement of only 0.0004 in. 

They had also investigated the problem of back- 
lash in gear drives and had adopted a double train 
gearbox — with very good results. On the gearbox 
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designed for the vertical travel, the backlash, includ- 
ing initial wind-up, from carriage movement in one 
direction to movement in the opposite direction was 
15 minutes rotation of the input shaft. This was on 
a fairly high ratio gear box, where the input shaft was 
doing slightly under 6,000 r.p.m. for an equivalent 
traverse rate of 120 in./min. 

The dynamic stiffness and inertia effect of the gear- 
boxes were carefully studied, and on the 9-ton 
column drive they achieved a natural frequency of 
just over 2 cyc./sec. On the vertical traverse motion, 
with just over a ton, they had achieved 60 cyc./sec. 
The accuracy of the specification laid down for the 
machine originally was + 0.001 in./ft. They had 
used 0.001 in. digit size and had achieved an accuracy 
well within the specification. These control problems 
were not insoluble and with a smaller machine tool 
the problems were not quite so severe. 

They were still tackling the problem. They had 
extended their designs to cater for the steel cutting 
machines. The original machine built had been 
designed purely for cutting aluminium, whereas a 
conventional machine was generally designed to cut a 
range of steels on the assumption that if it would cut 
stee] it would cut anything. They had found that they 
could cut aluminium at much higher rates than with 
conventional machines. The output from a 20 h.p. 
head on the machine was from 100 to 140 cubic in./ 
min. depending on the size of the cutter. They had 
since developed various other devices for use on con- 
trolled machine tools. One was the application of 
the hydrostatic principle to a lead screw and nut 
drive. They were at present taking part in the design 
of a rather elegant machine with six controlled 
motions. The machines described had been offered to 
industry, but no one had wanted to buy them. 


Professor Whitfield replied that he never thought of 
the velocity ripple error, but it would obviously have 
to be taken into account. In the Paper he had not 
mentioned particular machines. That described by 
Mr. Flett had been the first in the world designed 
deliberately for a control system. Ab initio design was 
always preferable to attempts to modify existing 
designs. 


The President said that it would be invidious, in 
the course of general remarks, to mention names, 
but he felt bound to say that he had been fascinated 
by Professor Whitfield’s Paper. He did not pretend 
to understand all the detail but it had been presented 
most lucidly and logically. However, he felt that in 
one respect Professor Whitfield had not kept to 
scientific method of the kind for which he was so 
well known. The information that had gone into the 
black box of his brain had not been complete and 
tnerefore the solution produced had been fallacious! 
There was in existence a body known as The Institu- 
tion of Mechanical Engineers. Production engineers 
would be very glad to make and use these machines 
—and possibly they ought now to be active supplying 
specifications — but it was no part of their business 
to design them. 
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The Chairman said that they owed Professor 
Whitfield their thanks for his lucid and penetrating 
Paper, and the marked ability with which he had 
presented it. He had studied the control system, 
applied it in his presentation and had not lost them 
anywhere, though they may not have understood the 
technique as comprehensively as he might have 
wished. He was a wise man in refusing to know 
too much about the machine tool and what a 
machine tool had to do when actually in operation. 
Perhaps one of our problems as production engineers 
was to try to get outside the machine tool and look 
at it with a new, objective vision. They had all 
become so very used to the orthodox machines. 

The knee type machine had the attraction that one 
could get at it, and that it would take a wide range 
of product. Perhaps one should take another look 
at it. The Institution of Production Engineers had a 
job of work ‘to do in following through Professor 
Whitfield’s concept and offering something of a lead. 

The President had said that it was not the task of 
the production engineer to design machine tools. This 
was probably true, but with due deference he would 
plead that it be put not quite so definitely. Some of 
the substantial improvements that had taken place 
had been initiated by the production engineer and 
finally produced by the machine tool designer. One 
ought not to discourage him — rather the contrary. 

The author had plainly challenged them to state 
what they wanted. The production engineer must 
say definitely and clearly what he needed, and keep 
hoping that the machine tool and associated indus- 
tries would provide it. 

One was rather inclined to wait for a machine to 
be sold to one rather than try to look ahead. In his 


own and other industries one of the problems had 
been increasing complexity of design owing to the 
extension of the things that the equipment was 
supposed to do. Every parameter had been extended 
so the design was more complex and the standards 
of precision both higher and of wider incidence in 
equipment. He had over-simplified the problem but 
what he had put was valid. He believed that future 
demands would be equally as intense. 

Should one go on with the idea of making things 
all the time a little better than they were before? 
He knew of the high cost of development of entirely 
new ventures but a number of successful machines 
had been produced since the War. He had in mind the 
George Fischer copying lathe, the Cridan screwing 
machine and the De Vleig Jig-mill. They had shown 
a new approach to design and had successfully met 
the requirement of increasing accuracy, standard of 
performance and so on. They had apparently justified 
the concentrated effort put into them, and no doubt 
also the development cost. One could hope that the 
machine tool designer would do his best, but it was 
essential that production engineers should also do their 
part. 

Having decided what should be done one ought 
to examine how to present this fact through the 
Institution, and the ways and means by which it could 
be accomplished. He had no doubt that where jobs 
had still to be found for some novel machines, such 
as automatic tool path control machines, this would 
be done, and that components and designs using them 
fully would come along in due course. 

He had found the session extremely interesting and 
would ask all present to join him in showing appre- 
ciation of the efforts of the author. 





CONCLUSION 


The President, in closing the Symposium, said that 
he did not intend to summarise all that had gone 
before. Each participant would have drawn his own 
conclusions, influenced no doubt by his own particular 
needs and activities. If they had not all made their 
own précis already he could not help them, and they 
might well have wasted their time in coming. 

He would like for a moment to speak of the impact 
that the Symposium had made on him. This was his 
fifth or sixth Summer School and he had no hesita- 
tion in saying that it had reached a higher level than 
any previous School. On behalf of The Institution of 
Production Engineers he would thank all who had 
worked so hard to make it a success — including 
Professor Murphy and his staff, the lecturers and 
chairmen, the subscribers and especially those who 
had contributed to the discussion. 

In listening to what had been said, he had become 
more than ever convinced that there was a greater 


need for the application of research — for its effective 
use on the shop floor—on the basis of what was 
already known, than for more fundamental research. 
This had been touched on lightly. It was apparent 
that technologically they were dashing ahead at the 
speed of the jet plane while socially they were plod- 
ding along at the speed of the ox-cart. Once or twice 
during the Symposium he had detected a totally 
unwarranted assumption that it was a good thing to 
abolish work. If one carried that to its logical con- 
clusion, the whole human race would become 
redundant. 

It was a shocking indictment that such a large 
proportion of the best brains and the national income 
was devoted to producing means of destroying human 
beings. 

Since the time of the ancient Greeks at least 
attempts to control human nature had been made by 

(concluded on page 196) 
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f ders practical use of the process of cold extrusion 
of metal dates back over sixty years, when sheaths 
and tubes were made from lead, tin and similar 
ductile materials. Subsequently aluminium and other 
non-ferrous metals were extruded and the first re- 
ported application of the cold extrusion of steel took 
place in Germany over twenty years ago, where the 
potentialities of the process were soon recognised. 
Immediately prior to and during the last World War 
considerable development took place in Germany, 
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with the object of perfecting a satisfactory method 
for ammunition production which would permit more 
efficient material utilisation than traditional methods 
of production. Since the end of the War, further 
work has been carried out in Germany and the U.S.A. 
to develop the process of cold extrusion for commer- 
cial applications and interest in the operation is now 
growing rapidly. 

Although the term cold extrusion has been used in 
the title of this Paper, many other terms, including 
impact extrusion, cold pressing, heavy cold forging, 
extrusion pressing and cold forging, are in common 
use. The fact that no term is universally recognised 
emphasises that the process is still in the development 
stage. 

The operation itself is known sufficiently well to 
make a detailed description unnecessary. 

However, depending on the shape of the required 
component, the metal may be deformed either by 
backward extrusion (Fig. 1 (a)), forward extrusion 
(Fig. 1 (b)), or a combination of forward and back- 
ward extrusion in one pressworking operation. In 
some instances, several extrusion operations may be 
required, or extrusion may be combined with other 
pressworking operations such as re-drawing and 
ironing. Components produced by extrusion can be 
of circular or non-circular section and, in the case 
of hollow components, there may be a base or 
shoulder formed at one end of the component. In 
general, the material is caused to flow axially into a 
shape and size governed by the tooling. 

Cold extrusion is normally taken to mean the ex- 
trusion of a material below the recrystallisation tem- 
perature. Whilst many of the more common 
engineering materials can be extruded at room tem- 
perature, thus giving improved properties and greater 
precision than are obtainable from hot extrusion, it 
is sometimes an advantage to extrude with material 
billets heated to below the recrystallisation tempera- 
ture in order to reduce the initial loading on the 
tools. 
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Fig. 1(a). A basic type of cold extrusion 
(backward). 


Fig. 1(b). A basic type of cold extrusion 
(forward). 


materials for extrusion 

Quite a wide range of non-ferrous and ferrous 
materials are now being cold extruded on a com- 
mercial scale. In general, most metals can be 
extruded to some degree, provided that sufficient 
force is applied and the tooling can be constructed to 
withstand these forces. It is difficult to predict 
extrusion loads from the usual physical characteristics 
of a material, and although great advances have been 
made during recent years in the mathematical theory 
of plasticity, most of the present solutions exclude the 
work-hardening of the material and external friction, 
a factor which varies widely according to the type of 
tooling being used. Because of this, it is necessary 
to rely on empirical procedures to determine extrusion 
loads, although once some figures have been estab- 
lished in this way, the yield strength of materials can 
then be used to provide an approximate guide to the 
forces involved. 

One of the most notable advantages of cold ex- 
trusion is the improvement in mechanical properties 
due to cold working. This is illustrated in Fig. 2, 
which shows how the normal crystalline structure of 
low carbon steel has been transformed into a lamellar 
structure. The changes in mechanical properties will 
be considered further in relation to individual 
materials. 


(a) non-ferrous materials 

Amongst the more common non-ferrous materials 
and alloys currently being extruded are aluminium, 
copper, magnesium, zinc, lead and tin. Typical 
loads for backward extruding these materials (ex- 
pressed as extrusion punch pressure) are given in 



































Nominel Carbon 6.2% 
Amoegied 1 bowr #t 2200*%C 
Redaction in Area + 61.5% 


Fig. 2. Change in structure of low carbon steel due to cold 
extrusion. 
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Fig. 3. Punch pressure for backward extrusion. of various 
metals. 


Table 1 and a series of load-reduction curves is given 
in Fig. 3. 

Lead and tin offer little resistance to plastic flow; 
high reductions are possible and wall thicknesses 
down to 0.003 in. have been achieved. The main 
application for these materials is in the form of 
collapsible tubes. 

Aluminium is probably more widely used for ex- 
trusion than any other material at the present time. 
The commercially pure grades extrude most readily 
but little difficulty is experienced with most of the 
work-hardenable aluminium alloys, Some of the 
heat-treatable alloys may be extruded but with more 
difficulty, and they require greater force. Table II 





— > PENETRATION 


Fig. 4. Load-penetration diagram for backward extrusion of 
zinc. 


illustrates the improvement in properties of some 
typical cold extruded aluminium materials. The 
improvement in the yield and tensile strengths is 
notable, although this will be accompanied, of 
course, by a loss of ductility. Nevertheless, where 
high strength is not vital there is a useful field for 
producing many engineering components in extruded 
aluminium in place of materials such as brass, which 
have to be processed by other means. 

Copper requires rather more force to extrude than 
aluminium and tool loadings sometimes approach the 
maximum safe compressive stress attainable with 
some of the modern tool steels. This means that care 
has to be taken not to attempt very high reductions 





Material Punch pressure 


(tons/sq. in.) 





Aluminium and aluminium 
alloys 30 to 100 


Material 





Observation Alu- Alu- 
minium | minium 
3003? 2014° 





Copper 80 to 150 





Copper alloys 130 to 150 


Yield stress 


Before extrusion 25 3 74 
(ton/sq. in.) 





After extrusion % 15 194 





Magnesium and magnesium 
alloys 20 to 35 





Zinc 70 to 120 





Nickel 130 to 150 














TABLE I—APPROX. RANGE OF PRESSURES 
REQUIRED TO BACKWARD EXTRUDE VARIOUS 
: NON-FERROUS MATERIALS 
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Tensile 
stress 
(ton/sq.in.) | After extrusion 10 16 23 


Before extrusion 64 8 134 


























* American Spec. Approx. British Equiv. IC. 
2 American Spec. Approx. British Equiv. N3. 
3 American Spec. Approx. British Equiv. H4. 


TABLE II—CHANGES IN MECHANICAL PROPERTIES 
OF ALUMINIUM AFTER EXTRUSION 
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Open Hearth Steel, killed 

Open Hearth Steel, non-killed 

Open Hearth Steel, killed 

Open Hearth Steel, killed 

Open Hearth Steel, killed 

Open Hearth Steel, killed 

Open Hearth Steel, killed 

Basic Bessemer, non-killed 

Basic Bessemer, killed 

Open Hearth Steel, killed with aluminium 


Chromium Steel EC60 
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TABLE IlII—COMPOSITION OF STEELS SUITABLE FOR COLD EXTRUSION(') 


in a backward extrusion. Of the various brasses, 
those with a zinc content of up to 20% extrude 
readily, but increasing difficulty is experienced with 
zinc contents higher than this. Cold extrusion of 
60/40 brass is usually not feasible due to its brittle- 
ness. Surprisingly few applications of copper extru- 
sion have been reported, although quite a number of 
parts normally deep drawn from 70/30 cartridge 
brass could satisfactorily be made by cold extrusion 
from electrolytic copper. 


Magnesium is one of the more recent non-ferrous 
metals to be extruded and, in contrast to the materials 
previously mentioned, the operation is normally 
carried out with slugs heated to temperatures ranging 
from 200°C to 400°C. At these temperatures, the 
metal extrudes readily and very high reductions are 
possible. No appreciable work-hardening occurs 
during extrusion. It is likely that magnesium extru- 
sions will find increasing application in the future. 


Zinc lends itself to cold extrusion due to its pro- 
perty of annealing at a low temperature. It has been 
found that the heat generated during extrusion is 
sufficient to produce an anneal, with the result that 
work-hardening is virtually absent. In practice, zinc 
slugs are pre-heated and little trouble is experienced 
—the forming pressure falling-off at the end of the 
extrusion stroke, as shown in Fig. 4. Tool loadings 
are reasonably low but the range of application is 
rather limited, the most useful applications being the 
production of dry battery cells and certain electrical 
components. 


‘PERA have successfully extruded pure nickel, in 
the annealed condition, with reductions in area* of 
up to 80%. Lubrication was found to be an im- 
portant factor in obtaining extrusions with an accept- 
able surface condition, the best results being obtained 
from the use of highly chlorinated mineral oils. The 
best surface condition after extrusion, and the lowest 
extrusion load, was obtained from the use of copper 
plated slugs, 


(b) ferrous materials 


Most ferrous cold extrusion is carried out with 
plain carbon steels in the range 0.08% to 0.15% 
carbon, although in some applications carbon con- 
tents of up to 0.35% have been used. A list of 
steels suggested by Fischer for cold extrusion !) is 
given in Table III. More recently, alloy steels have 
been cold extruded but in these cases the reductions 
were lower than for the softer plain carbon steels. In 
general, extrusion loads for steel are very much higher 
than those for non-ferrous materials and the pressure 
on the extrusion punch may be in excess of 120 ton/ 
sq. in. according to the type of steel and the degree 
of deformation. The relationship between extrusion 
pressure and extrusion ratio** for three plain carbon 
steels (Fig. 5) is given by : 


R+b 


=a. lo 
P Se 
where p is the extrusion pressure in tons/sq.in. 


R = extrusion ratio** 


and a and b are constants. 





*Percentage Reduction in Area 
Ao-A 
100 ————_ 
Ao 
Cross-sectional area of 
where Ao = bill 
lilet 
A Cross-sectional area of 
extruded wall 





Ao 
**Extrusion Ratio = —— 
A 
sleet a Cross-sectional area of 
billet 
ee Cross-sectional area of 
extruded wall 
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Fig. 5. Variation of extrusion pressure with carbon content 
of steel. 


For the three steels, 0.1%C, 0.2%C and 0.3%C, 
the equations are : 
Ao 
+ 25) tons/sq. in. 


0.3%C (80 log. 


Ao 


0.2%C (71 log. + 23) tons/sq. in. 


A 
Ao 
A 


It was found that these equations could be closely 
approximated by a single equation : 


0.1% (63 log, + 22) tons/sq. in. 


.o 
p=y (3.45 log. _ + 1.15) tons sq. in. 


where y is the yield point for each material in the 
annealed condition. 

Referring again to Fig. 5, it is evident that the 
higher carbon steels result in tool loadings approach- 
ing the maximum compressive stress of present day 
alloy tool steels and it follows, therefore, that it is 
essential to ensure that the material to be extruded 
is in the softest possible condition. Many of the 
early workers advocated a full spheroidising treatment 
for the steel but this is an expensive treatment, and 
it is now apparent that less expensive procedures such 
as annealing will give venenty similar results. 

Recent work by Kunogi) has resulted in the 
claim of a new process for cold extrusion which re- 
quires extrusion loads of up to 40% less than with 
conventional extrusion methods. In this process, the 
material is forward extruded through an annulus 
formed by a fixed inner punch and a fixed die. The 
mouth of the die is conically shaped to facilitate 
material flow and the resulting component is similar 
in shape to a conventional backward extrusion. A 
sectional drawing of the tooling and three stages in 
the production of an extrusion are shown in Fig. 6. 
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Fig. 6(a). “Kunogi” method of extrusion. Section of 
extrusion tool. 
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Fig. 6(b). “Kunogi” method of extrusion. Three stages 
in the production of an extrusion. 
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The tests reported by Kunogi include observations on 
a wide variety of steels including plain carbon, nickel 
chromium, nitriding and _ stainless types. The 
chemical composition of these test materials is given 
in Table 1V. In addition to the “Kunogi” procedure, 
improvements made during recent years in tool design 
and tool materials have enabled an increasing range 
of alloy steels to be extruded by conventional tech- 
niques, the amount of deformation being regulated to 
avoid overstressing the tools. 

The improvement in mechanical properties of 
0.1%, 0.2% and 0.3%C steels after extrusion is shown 
in Fig. 7. These improvements will, of course, be 
accompanied by a loss of ductility but nevertheless 
there are many applications where components can 
be used in the extruded condition. This means that 
it is sometimes possible to specify a low carbon steel 
which, after extrusion, will compare favourably with 
a component produced from a high carbon or even 
alloy steel without any cold working. 


(c) special materials 


Increasing attention is now being given to the 
development of extrusion techniques for some of the 
less common materials. These include nodular cast 
iron, titanium and a number of materials having par- 
ticular applications in the nuclear energy field. 

The extrusion of nodular iron has recently been 
investigated in Germany by Friedewald). The tests, 
which consisted of rod extrusion, were carried out at 


1,000°C using conventional forging die lubricants. 
Tooling was also conventional with the exception of 
the die which was not provided with any lands; con- 
sequently the entire length of the extrusion was 
guided. Initially, severe cracking of the extrusion 
was experienced (Fig. 8 (a)) but this was later over- 
come (Fig. 8(b)) by providing a counter-pressure 
underneath the extrusion, using the equipment shown 
in Fig. 9. This series of tests is of particular interest 
when compared with the work of Bridgman‘) who, 
a number of years ago, demonstrated the improve- 
ment in ductility that could be obtained by applying 
a suitable hydrostatic pressure to an otherwise brittle 
material, and to the more recent work now being 
carried out at the National Engineering Laboratory). 


Cold extrusion of unalloyed titanium was first re- 
ported by the Battelle Memorial Institute; working 
with commercially pure grades of titanium with yield 
strengths of 45,000 to 70,000 lb./sq. in., 14in. dia. 
billets were forward extruded to diameters ranging 
from 1.16 to 0.95 in. (corresponding to reductions 
ranging from 40% to 60% in area). A fluoride- 
phosphate coating was used in combination with a 
conventional oil — graphite-molybdenum disulphide 
lubricant which successfully prevented seizing and 
galling and produced a good surface finish. The 
extruded bars exhibited a 60% increase in strength 
and adequate ductility (10% in | in. minimum) was 
maintained), Attempts have been made to cold 
extrude some of the titanium alloys, including one 





COMPOSITION % 





Designation Si P S Ni 





S10C 0.15 0.022 0.020 — 

$20C 0.22 . 0.020 0.018 = 

$30C 0.28 0.28 0.021 0.007 a — 

$40C 0.39 0.36 0.024 0.008 ~ _ 

SNCI 0.28 0.21 0.020 0.022 0.71 
SNC2 0.32 0.23 0.014 0.028 0.93 
SNC2I 0.14 0.23 0.017 0.012 0.45 
SNC22 0.12 0.24 0.021 0.018 0.87 
SNCM23 0.17 0.31 0.012 0.016 é 0.51 
SCM4 0.42 0.24 . 0.022 0.018 ; 1.00 
































SCrl 0.37 0.19 0.022 0.016 1.00 





SACMI 0.39 0.34 0.66 0.015 0.019 — 1.55 





SKS4 0.52 0.29 0.38 0.019 0.012 — 0.83 





$UJ2 0.92 0.28 0.33 0.013 0.008 0.08 1.32 
SEC8 0.06 0.55 1.40 0.039 0.012 0.43 18.62 
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TABLE IV—COMPOSITION OF STEELS EXTRUDED BY KUNOGI(*) 
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Fig. 7 (above). Effect of reduction on the tensile strength 
of backward extruded steel components. 
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Fig. 10 (above). Extrusion pressures for Zircalloy at elevated 
temperatures. 


Fig. 8 (left). Nodular iron extrusion (left) without counter- 
pressure; (right) with counterpressure. 








with 6% aluminium and 4% vanadium, which is 
extremely brittle at room temperature—up to the 
present time no success has been reported and tool 
loads were apparently very high. 

Some work on the extrusion of molybdenum has 
been carried out by the Hunter Douglas Aircraft Co. 
in the U.S.A., which has resulted in the successful 
cold extrusion of precision tube and tube blanks. 
Both arc cast and sintered unalloyed molybdenum 
have been extruded with excellent results. As in the 
case of titanium, the high strength alloys of molyb- 
denum have not yet been successfully cold extruded 
and further work is at present being carried out 
in an attempt to solve some of the problems en- 
countered‘), 

Zirconium is a material with numerous atomic 
reactor applications and various attempts have been 
made to develop successful extrusion techniques. In 
the U.S.A. cold extrusion of reactor grade zirconium 
and hafnium-containing alloys has been carried out, 
despite severe lubrication problems and heavy tool 
loads. However, in many cases it has been usually 
found more satisfactory to extrude zirconium with 
heated blanks; temperatures up to 550°C have been 
used and reductions in area of 73% have been 
achieved”). Results of some recent work carried out 
at PERA on the extrusion of zirconium alloy are 
shown in Fig. 10. 

One of the most attractive materials for nuclear 
energy applications is beryllium. This metal combines 
a low neutron absorption cross section, good corro- 
sion resistance, light weight and high strength at 
elevated temperatures. Unfortunately, severe forming 
problems frequently arise due to the very low duc- 
tility at room temperature and, also, special precau- 
tions have to be taken to protect operators from the 
toxic powder and gas produced. As a result, beryllium 
usually has to be extruded at temperatures of up to 
700°C and is often completely sheathed with a thin 
coating of a softer ferrous or non-ferrous material to 
prevent galling during extrusion; the sheath also 
affords additional protection from the toxic hazard. 
Beryllium is one of the newer materials as far as 
extrusion is concerned and little processing data has 
yet been published. 

Another development in the extrusion of nuclear 
materials concerns what is referred to in the U.S.A. 
as “co-extrusion”. This consists of extruding a com- 
posite billet with the nuclear metal completely en- 
cased within a relatively thick can of material which 
is easier to extrude. PERA, in collaboration with 
the U.K.A.E.A., have co-extruded cold billets of pure 
aluminium encasing a 20% uranium-aluminium 
alloy into the form of 1 inch diameter and 4 inch 
diameter plain tubes, as well as 4 inch diameter tubes 
with internal ribs, as shown in Fig. 11, Further 
developments of cold and hot co-extrusion are being 
considered and likely combinations include uranium- 
copper, zirconium-steel and uranium-zirconium(”). 


tooling 
Tooling for cold extrusion operations varies in 
design according to the demands which will be placed 


Fig. 11. Forward extruded aluminium fuel cans. 


on it; this depends mainly on the material being ex- 
truded and the degree of deformation required. 
Clearly, tooling for the harder non-ferrous materials 
and steel requires to be very robust to withstand the 
severe extrusion forces, 


Typical tooling for forward and backward extrusion 
of steel is shown in Fig. 12.“). 43) Another example of 
extrusion tooling, for making car wheel nuts,'!® is 
shown in Fig. 13. This is of interest because of the 
arrangements made for liquid cooling of a portion 
of the tool during the operation. Unfortunately, no 
information on tool life is available, so it is not 
possible to compare this arrangement with more 
conventional tool designs. 


In the case of backward extrusion tooling, the 
length of the punch should be kept as short as 
possible (a length/dia. ratio of 4:1 is usually con- 
sidered to be the maximum for an unsupported punch 
when extruding steel). The punch should be well 
supported by a collet or other suitable holder. Some- 
times it is possible to provide a bushing which will 
enable the punch to be guided during. the operation; 
this is particularly useful when high product accuracy 
is required. . 


Solid dies are susceptible to cracking at the junction 
of the base and die wall and therefore dies are usually 
of multi-piece construction with a separate die base. 
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Fig. 12(a). Typical tooling for cold extrusion of steel (!3) 
(forward extrusion). 


It is good practice to support the die wall by shrunk- 
on outer rings. The shrink ring is continuously under 
tensile hoop stress, generally in the region of 30 tons 
per square inch in the standing condition and rising 
to about 45 tons per square inch under extrusion 
pressure. High tensile steels are needed for the rings 
and from experience it has been found necessary to 
use well forged steels, preferably ring forgings for 
larger sizes. Every care should be taken to keep the 
hydrogen content in the stee] as low as possible as 
hydrogen is thought to contribute towards “static 
fatigue”, which may cause fracture, as shown in 
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Fig. 13. Tooling for extruding steel wheel nuts. 


184 


























HARDENED 
INSERT 





CAST OR FORGED 
RETAINING RING 


“WN 






































KNOCK- OUT WORKPIECE 


Fig. 12(b). Typical tooling for cold extrusion of steel (!) 
(backward extrusion). 


Fig. 14. Fractures can occur when a die is not in 
use and sometimes as long as twelve months after a 
ring has been shrunk on to the die. 

Most punches and dies are usually manufactured 
from high grade tool steels such as high-carbon high- 
chromium tool steel and high speed steel which, 
under favourable circumstances, can be stressed in 
compression up to 240 tons/sq. in. However, it has 
to be borne in mind that extrusion tools have not 
merely to withstand high loadings; they have to 
sustain alternating loadings at working temperatures 
of up to at least 300°C. Selection of the most appro- 


Fig. 14. Fractured shrink ring. 
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TABLE V—TOOL MATERIALS FOR COLD EXTRUDING STEEL 


priate type of tool material is, therefore, of paramount 
importance. A list of some of the popular types of 
tool steel is given in Table V. 

In addition to tool material selection, the subse- 
quent treatment and manufacture of the tooling is 
also very important. Some people advocate that 
extrusion punches and dies should be hardened and 
tempered to Rockwell 60-62C, but views have also 
been expressed that the hardening should be taken 
to Rockwell 66C in order to obtain greater resistance 
to buckling under the conditions mentioned in the 
last paragraph. 

Significant increases in the compressive properties 
of punches have been achieved at PERA by using a 
sub-zero treatment to reduce the amount of austenite 
retained after quenching. Fig. 15 shows results of 
tests on extrusion punches which had been given 
various heat treatments. 

Each punch was given steadily increasing dynamic 
loads by extruding materials of increasing hardness 
from which a type of “stress-strain” curve was con- 
structed for each punch. It can be seen that the 
punches which received the sub-zero treatment sus- 
tained higher loads than those subjected to more 
conventional treatment. 

Where a sub-zero treatment was used, the punch 
was put into the freezing mixture immediately on 
cooling to room temperature; it was then held at 
-80°C for two hours, warmed in air to room tem- 
perature and heated steadily to the tempering 
temperature. 

Tool geometry for both backward and forward ex- 
irusion is an important factor that can have a con- 
siderable influence on tool loadings and the quality of 
the product. The effect of the die entry angle on 
the maximum pressure required to forward extrude 
0.1% carbon steel is shown in Fig. 16. Whilst a 
reduction in die angle results in decreased extrusion 
pressure, the force required to eject the extrusion 
from the die increases, The choice of die angle is, 
therefore, a compromise between component design 
requirements, extrusion pressure and ejection force. 


Punches for backward extrusion are usually pro- 
vided with a conical end with a side angle ot 
approximately 7°. Compared with a flat ended 
punch, this will result in a decrease in load of the 
order of 5%'2). Some authorities consider that 
punches for the backward extrusion of steel should 
have a small working land, as in the case of punches 
normally used for the cold extrusion of aluminium. 
Other people consider that lands are unnecessary and 
cause lack of dimensional control. If a land is used 
the dimensions are inevitably a compromise between 
the reduction of friction (particularly during strip- 
ping) and dimensional control of the product. 
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Fig. 15. Effect of sub-zero treatment on the mechanical 
properties of punches. 
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EXTRUSION PRESSURES AND EJECTION FORCES 
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preparation, heat treatment and lubrication 
of extrusion billets and slugs 

Various methods can be used for producing extru- 
sion slugs or billets, including : 


Sawing from bar 
Turning from bar 
Shearing from bar 
Blanking from strip 
Die casting 
Powder metallurgy 


o 
ce) 





The choice of method depends to a great extent on 
the material and type of product and on economic 
considerations. For example, sawing from bar may 
be satisfactory for a large diameter billet where the 
swarf wastage due to sawing is only a small per- 
centage of the billet. This percentage will, of course, 
increase as the diameter of the billet becomes smaller 
and under such circumstances, shearing from bar 
may be a better alternative, even allowing for the 
fact that an additional flattening or coining operation 
may well be required. Billets may need to be turned 
when the surface condition of the bar material is 
poor and where the extrusion quantities would be too 
small to justify special deliveries of suitable material. 
1 4 Blanking from strip is rapid and effective but results 
sO 70 

in a great deal of waste; however, this may be satis- 
PERCENTAGE REDUCTION IN AREA factory for some non-ferrous metals where the scrap 
can be easily recovered. Die casting can be particu- 
larly useful for the production of slugs of complex 
section for subsequent extrusion into a complicated 
shaped product, and powder metallurgical methods 
sometimes have to be used as, for example, with 
Fig. 17. Effect of heat treatment on punch pressures when beryllium in order to provide a metallurgically sound 

backward extruding carbon steels. product. 
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Present methods of billet production are somewhat 
laborious and costly, particularly when viewed in 
relation to the extrusion operation, In fact, in many 
cases an extrusion operation has been rejected in 
favour of machining solely because of the expense of 
making the billets. Clearly some further work is re- 
quired, both on the part of research workers and 
machine builders, to make this essential part of the 
extrusion process economically more attractive. 

Correct heat treatment of billets is important to 
ensure they are in the most suitable condition for 
cold extrusion, and research has been carried out at 
PERA on carbon steels to find the influence of heat 
treatment on extrusion pressures and the condition of 
the finished products. 

Carbon steels supplied in the hot rolled condition 
should, in general, be given a full anneal to obtain 
minimum extrusion pressures. A normalising treat- 
ment usually results in somewhat higher punch pres- 
sures, but for a low carbon steel extruded under 
moderate pressures, normalising should be satisfactory. 
Where maximum strength is required in the extru- 
sion, and where the material supplied is liable to be 
coarse grained and banded, the normalising treatment 
is preferable. Maximum punch pressures for 0.1%, 
0.2% and 0.3%C. steels normalised at three tem- 
peratures are compared with results for annealed 
materials in Fig. 17. A relationship between the 
hardness of extrusion slugs and punch pressure for a 
reduction in area of 61.5% is shown in Fig. 18. The 
lower values of hardness and punch pressures were 
obtained from the annealed and normalised materials, 
while points higher up the line were obtained from 
quenching and tempering treatments and the use of 
pre-strained slugs. The results show the dependence 
of extrusion pressures on material composition and 
not merely on hardness. 

Lubrication for the extrusion of aluminium, copper 
and other non-ferrous metals does not usually involve 
many problems. Aluminium stearate, zinc stearate, 
lanolin and wax powder are amongst the lubricants 
which are both easy to apply and effective in use. 

Conditions during the cold extrusion of steel are 
much more arduous than those for extrusion of the 
soft non-ferrous metals, and it is usual practice to 
apply a phosphate coating to the material slug which 
is then given additional lubricant. 

This subject has been covered by various investi- 
gators during the past few years and a useful amount 
of information is now in existence, Hauttmann and 
Pess] have reported a series of forward extrusion tests 
on steel tubes and some of their results are shown in 
Fig. 19. Several steels with carbon contents ranging 
from 0.04% to 0.57% were cold extruded through a 
die angle of 126° with a reduction in area of 80%. In 
these tests bearing fat was used as an additional 
lubricant to the coated slug. The step in the curves 
at 0.3°% carbon indicates the change from rimmed 
low carbon steels to the killed higher carbon types; at 
this point the extrusion pressure increases almost 
linearly with increasing carbon content. These 
results show that phosphate coatings are almost as 
good as copper and zinc coatings and they also have 
the further advantage of ready removal. '®) 
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Fig. 18. Effect of slug hardness on punch pressures when 
backward extruding carbon steels. 
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Fig. 19. Effect of surface coating on extrusion pressure. 
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Coating 


Lubricant 


Max. Load 


Min. Load 


Load when Stroke 80% 





Load 
(ton) 


Extrusion Load 
pressure (ton) 
kg/mm(?) 


Extrusion Load 
pressure (ton) 
kg/mm(?) 


Extrusion 
pressure 
kg/mm(?) 





Parkerizing B 


Bonderlube 235 


16.3 


15.0 


191 16.1 





Bonderite 181 X 


Bonderlube 235 


15.3 


14.5 


185 15.2 





Bonderite 160X 


Bonderlube 235 


15.6 


14.7 


187 15.9 





Bonderite 165X 


Bonderlube 235 


15.5 


14.7 


187 16.0 





Aluminium Phosphate 


Bonderlube 235 


16.3 


15.3 


16.1 





Parkerizing B 


Palm Oil Emulsion 


15.1 


14.9 


16.9 





Bonderite 181 X 


Palm Oil Emulsion 


15.0 


14.6 


15.9 





Bonderite 160X 


Palm Oil Emulsion 


15.5 


14.8 


16.4 





Bonderite 165X 


Palm Oil Emulsion 


15.3 


14.9 


16.3 





Aluminium Phosphate 


Palm Oil Emulsion 


15.8 


15.3 


16.8 





Nil 





Palm Oil Emulsion 


16.4 


209 16.1 


17.5 





TABLE VI—EFFECT OF PHOSPHATE COATING ON COLD EXTRUSION OF 0.1%C STEEL (KUNOGI(?)) 





Coating 


Lubricant 


Max. Load 


Min. Load 


Load when Stroke 80% 





Load 
(ton) 


Extrusion Load 
pressure (ton) 
kg/mm(?) 


Extrusion Load 
pressure (ton) 
kg/mm(?) 


Extrusion 
pressure 
kg/mm(?) 





Parkerizing B 


Bonderlube 235 


18.2 


232 16.4 


209 16.9 


215 





Bonderite 181 X 


Bonderlube 235 


16.8 


214 16.3 


208 16.6 


212 





Bonderite 181 X 


Special Fatty Acid Kal- 
ium Soap 


15.6 


199 15.4 


196 16.5 


210 





Bonderite 181X 


Stearine 


15.9 


15.7 


200 16.5 


210 





Bonderite 181X 


Ca-Stearate 


16.9 


16.4 


209 17.4 


222 





Bonderite 181 X 


Al-Stearate 


16.1 


15.7 


200 15.9 


203 





Bonderite 181 X 


Palm Oil Emulsion 


16.0 


204 15.8 


202 16.5 


210 





Bonderite 181 X 





Colloidal Graphite 


17.0 


217 16.6 


212 17.3 


220 





TABLE VII—EFFECT OF LUBRICANT ON COLD EXTRUSION OF 0.22%C STEEL (KUNOGI(?)) 











It is not fully understood why the zinc phosphate 
lubricant system is so effective in assisting cold ex- 
trusion of steel, although studies of the physical 
properties of undeformed coatings and observations 
on the “glass-like” coatings present after deformation 
have resulted in numerous explanations of the pro- 
cess. For example, the phosphate coat has a low 
shear strength and may thus act as an anti-friction 
substance; lubricant is thought to be absorbed into 
the pores of the crystalline coating, and also to 
adsorb to the surface of the coating. 

PERA have carried out investigations into the effect 
of various phosphate coatings on extrusion forces. 
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Variations in phosphate coatings from 0.7 to 8.4 grms. 
per sq. ft. were found to have little influence on ex- 
trusion pressures. Slugs with light coatings, or bared 
specimens with extreme pressure oil lubrication, 
extruded at pressures only a few per cent higher than 
those with heavy coatings. Since the conclusions 
drawn from the work already carried out by PERA 
only hold for particular test conditions—short test 
runs—they cannot be applied directly to many in- 
dustrial applications, So far it has not been possible 
to discriminate between variations in coating thick- 
ness and grain size. It is possible that the influence of 
factors such as tool heating and “pick-up”, which may 














Decrease 
in Punch 
Pressure 
Billets Billets with Heated 
at Room | Heated to Billets 
Temp. 600°C % 


Punch Pressure 
(ton/sq. in.) 


Billet Material 








Carbon 
Steel 


0.1%C 133 118 13 





0.3%C 165 140 15 
En 56D 191 42 
En 58D 198 40 
En 58A 227 118 48 
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TABLE VIII—EFFECT OF HEATED BILLETS ON 
EXTRUSION PUNCH PRESSURE 


occur under production conditions, could easily reveal 
significant differences between variables. Additional 
presses are to be installed at PERA shortly which 
will enable research on phosphate coatings to be con- 
tinued under simulated production conditions. The 
work to date has emphasised the necessity for obtain- 
ing a complete coverage of the coating to avoid 
“pick-up” on the tools and severe scoring of the 
component, which can also lead to expensive tool 
failures. 

Work on this subject reported by Kunogi includes 
the effect of various proprietary phosphate coatings 
on the extrusion of 0.1% carbon steel (Table VI). 
The zinc phosphate gave the best results, although the 
load difference between the various treatments was 
less than 7% when lubricating with a proprietary 
soap solution. The effect of various lubricants applied 
to the phosphate coating when extruding 0.22% 
carbon steel is shown in Table VIT.() 

Proprietary processes for phosphate coating and 
subsequent lubricating treatments are well known 
and do not need detailed description. Satisfactory 
coatings can be formed on plain carbon and a wide 
range of low alloy steels but some difficulty is usually 
experienced with steels containing a high percentage 
of chromium, especially those of the austenitic type. 


PEAK 
EXTRUSION 
PRESSURE 


TONS / $Q.1N. 








PREHEAT TEMP. °C. 
Fig. 20. Extrusion pressures for backward extrusion of 0.1% 
carbon steel at elevated temperatures. 


After extrusion the phosphate coat is “glassy” in 
appearance and surface finish values as low as 15-30 
micro in. CLA have been recorded. In some cases 
it is desirable to retain the phosphate coating after 
extrusion for rust protection purposes, although if 
necessary the coating can easily be removed by a hot 
caustic soda solution. 


temperature and speed effects 


There is sometimes an advantage to be gained in 
carrying out the extrusion operation with heated 
slugs or billets. ‘This applies particularly to brittle 
and rapid work-hardening materials. 

The effect of billet temperature when extruding 
various steels is now being investigated at PERA. 
The results in Table VIII illustrate the significant 
reductions in the pressure required to extrude stain- 
less steels by preheating the billets; low carbon steels 
are affected by preheating to only a relatively small 
extent, as shown in Fig. 20. Heated billets may he 
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Fig. 21. Effect of speed on the force 
required to cold extrude steel. 
( Kunogi (2)) 
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Fig. 22. Effect of prestraining of billet on extrusion pressure at 
moderate temperature. 


Fig. 23. New type of double-action hydraulic extrusion press. 
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particularly useful for the extrusion of some of the 
harder alloy steels which, under room temperature 
conditions, would impose prohibitive stresses on the 
tools. 

Extrusion speed influences the flow stresses of the 
material and the friction between the tools and 
material, In general, flow stress increases with in- 
creasing rates of strain but at high rates of plastic 
strain the heat generated by deformation does not 
have time to dissipate, and as deformation proceeds 
the temperature of the material increases progressively 
and flow stress decreases. In other words, load in- 


creases due to strain hardening tend to be opposed 
by load decreases due to strain heating. This effect is 
shown in Fig, 21, which reveals very little difference 
in extrusion loads for 0.1% carbon steel, for speeds 
ranging from 1.3 to 60 mm/sec. (2) 


prestrain of work material 


Work has been carried out at PERA on extrusion 
at elevated temperatures of material prestrained at 
room temperature. These experiments have illus- 
trated the benefits of using multi-stage extrusion 
sequences without interstage anneals, where the heat 
generated during the severe cold working offsets the 
effects of strain hardening and reduces extrusion 
pressures. Fig. 22 gives a comparison of punch 
pressures for slugs pre-strained to various degrees 
when extruded at room temperature and a tempera- 


ture of 220—250°C. 


presses for extrusion 


Considerable controversy exists regarding the 
relative merits of mechanical and hydraulic presses. 
For example, the uniform pressing speed of the hy- 
draulic press is sometimes thought to be an advantage 
over the simple harmonic motion of a crank press. 
It is also argued that tool setting is less hazardous on 
a hydraulic press than with a mechanical press. On 
the other hand, mechanical presses are usually more 
suitable for incorporating mechanised slug feeding 
and ejection arrangements and are generally thought 
to be cheaper than hydraulic presses, at least in the 
smaller sizes. Very largely, however, the choice of 
any particular type of press is usually governed by 
personal preference and both hydraulic and mechan- 
ical presses have been used very successfully for cold 
extrusion of most metals. 

One requirement that is common to both types is 
that the press should be sufficiently robust to with- 
stand the severe forces involved during extrusion 
which are, in fact, many times higher than in other 
more conventional pressworking operations. The 
press should be designed to take a concentrated load 
on a small bed area, slideways should be generously 
proportioned, and the press should be able to deliver 
the full rated capacity throughout at least the last 
20% of the stroke. Some means of underneath ejec- 
tion is required and the power for this is sometimes 
rated at one-fifth of the press capacity. 

E. W. Bliss in co-operation with PERA have re- 
cently designed and developed a novel double-action 
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extrusion press, shown in Fig, 23, which has a num- 
ber of patented and unconventional features. The 
first Blisss-PERA press of 500 tons capacity is nearing 
completion and will be installed in the PERA 
laboratories by the end of 1960. The press has inner 
and outer rams either of which can act as the 
primary ram, depending on whether forward or back- 
ward extrusion is required. Typical arrangements of 
tooling in a press of this type are shown in Fig. 24. 
For a forward extrusion operation (Fig. 24 (a)), the 
two slides descend, at fast approach speed, auto- 
matically slowing down as the extrusion punch con- 
tacts the work. The inner slide continues to insert 
the mandrel or pilot and then both slides continue 
together to extrude the component. At a predeter- 
mined adjustable position the inner slide reverses, 
the extrusion punch meanwhile holding the com- 
ponent firmly in the die and finally the outer slide 
returns with the extrusion punch and the bottom 
ejector lifts the component out of the die. 

In a typical backward operation (Fig. 24 (b)), the 
extrusion punch is fitted to the inner slide, the outer 
slide carries a punch guide and is used to hold the 
component in the die whilst the punch is stripped 
out before ejection. In another arrangement of tool- 
ing (Fig. 24 (c)), backward extrusion punches can be 
mounted on both slides and a component with a 
flange part way along the walls can then be produced 
in one operation. 

The motion of this press, together with the asso- 
ciated press control circuit, thus provides for a very 
wide variety of forward or backward extrusions or a 
combination of both, and results in a press which will 
enable many extrusion operations to be performed 
which would not be feasible on conventional presses 
without elaborate tooling arrangements and stripping 
devices. 

Another important requirement on extrusion presses 
is that some provision should be made for protecting 
the operator in the case of tool failure. One satis- 
factory system is to fit plate steel guards to cover the 
front and rear openings of the press, as shown in 
Fig. 25. In some instances, however, it is possible to 
incorporate a shroud on the extrusion tooling which 
performs the same function as an external steel guard. 


component design 


A good idea of the scope of the cold extrusion 
process can be given by considering some of the 
various design features that are applicable. 

Many variations in base shape are possible and 
the end of the component can be either square, 
conical or hemispherical. Projections or depressions 
may be provided on both sides of the base, examples 
being those shown in Fig. 26. The arrangement of 
these should be as symmetrical as possible to avoid 
unbalanced loading of the tools. Two further 
examples of base projections are shown in Fig. 27: 
in this case the projections are heavy, the metal 
having been forward extruded into the die cavity 
prior to backward extrusion of the walls. 

The base thickness is solely governed by the press 
setting and is therefore independent of the wall 
thickness. The effect of base thickness is shown in 


Fig. 24(a). Typical arrangement of tooling for double-action 
extrusion press (forward extrusion). 


Fig. 24(b). Typical arrangement of tooling for double-action 
extrusion press (backward extrusion). 


Fig. 24(c). Typical arrangement of tooling for double-action 
extrusion press (backward extrusion of flanged component). 
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Fig. 27. Typical backward extruded components with forward 
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Fig. 26. Typical component with base projections. 


extruded ends. 


Fig. 25. Safety guards fitted to extrusion 
press. 


Fig. 28, in which a number of force/penetration 
curves, obtained when backward extruding copper 
with various base thicknesses, have been superim- 
posed. In the initial forming stages, extrusion force 
rises rapidly to a maximum and then decreases until, 
dependent on the ratio of base thickness to wall 
thickness, it either falls sharply to zero at the point of 
maximum punch penetration or rises to a peak before 
falling to zero. In the case of a base which is thinner 
than the extrusion wall, this peak can be considerably 
higher than the initial extrusion force and can 
seriously overstress the tools. There is also a danger 
of cracking occurring in very thin bases and for these 
reasons it is not wise to attempt a base thickness 
smaller than the wall thickness. 

With both backward and forward extrusion, non- 
circular as well as circular sections can be produced; 
external and internal axial ribs or fins are also 
possible. Asymmetrical sections are not impossible 
to produce but they cause uneven tool loading and 
may result in poor tool life. If a component with 
one longitudinal rib is required it is preferable, for 
example, to introduce another diametrically opposite 
rib even if this has no functional purpose. 

Parts with two different diameters can be produced 
by forward and backward extrusion. in one operation. 
The smallest diameter is usually forward extruded. 
Parts with more than two diameters usually require 
more than one operation. 

It is sometimes useful to be able to produce a part 
having multi-walls and a common base: typical 
examples are trimming condensers for radio sets, 
produced by backward extrusion using a punch con- 
sisting of different diameter cylinders assembled 
together. Another example of a multi-wall part is 
shown in Fig. 29—this is also produced by backward 
extrusion, the punch being built up of six segments. 

Solid parts, such as shafts, can be produced by 
forward extrusion, several operations sometimes being 
necessary for multi-diameter components. Sections 
can be other than circular and splines, for example, 





Fig. 29. Typical multi-wall extruded component. 
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SLUG THICKNESS 0188 in. 


Fig. 28. Superimposed force-penetration diagrams showing 
effect of base thickness on the force required to backward 
extrude copper. 


can be provided. The production of parts requiring 
a taper is generally not feasible by cold extrusion 
alone. An exception is where a hollow part has a 
tapered section joining two sections of different 
diameter, when the tapered section will be produced 
in compression as the junction between a combined 
forward and backward extrusion. 

Although the extrusion operation is very versatile, 
it cannot be over-stressed that not all components as 
initially designed may be suitable for extrusion and 
it may be necessary to alter the component design to 
facilitate extrusion. A typical example of this is 
shown in Fig. 30. Ideally, however, components 
should be designed initially with a knowledge of the 
potentialities of extrusion. 
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Fig. 30. Design of component to facilitate extrusion. 





Cold extruded 


Fig. 34. Typical extruded steel gears. (!2) 


Fig. 32. Aluminium screw cap: (a) as originally machined; 
(b) as extruded; (c) extruded and screwed. 
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Fig. 33. Extruded copper commutator body. Fig. 35. Typical extruded steel components. (!2) 
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WELDED ASSEMBLY COLD EXTRUSION 


Material 1.92 lbs. 1.77 lbs. 


Time 15.9 mins. 1.94 mins. 


Total Cost 4/7 1/103 


Fig. 36. Steel cylinder. 


applications 


Typical cold extruded components in both ferrous 
and non-ferrous materials are shown in Figs. 31 to 40. 


In most applications, useful economic savings can 
be made, particularly in the case of extruded steel 


components where the saving in material compared 
with that required for machining operations is usually 
most notable. A typical example of the savings that 
can be made is given by the component shown in 
Fig. 36, which was originally made from precision 
tube with a separately machined end welded to it. 
The part was later produced as a backward extrusion 
with a considerable material saving and at a total 
cost of 41% of the original method.) The car 
wheel nut (Fig. 37), for which the tooling shown in 
Fig. 13 was designed, when extruded resulted in a 
material utilisation of 70% with a total material 
saving of 45%."'!) With large quantity production, 
gains of this magnitude result in considerable savings 
In cost. 


There is no doubt that cold extrusion is a most 
attractive operation with tremendous potentialities. It 
is not, however, a panacea for everything and such 
application has to be chosen carefully. 


There are many problems associated with the use 
of cold extrusion and clearly, before embarking on the 
process the question of whether or not extrusion is 
economically justified must be carefully considered. 
PERA has collaborated with a number of firms in 
developing the technique for the production of par- 
ticular components. Not all, of course, have been 
successful, frequently because of the inadequacy of 
present tool materials, but in some cases due to the 
characteristics of work materials. This work is done 














ORIGINAL SEQUENCE 
OF OPERATIONS 


Cut off 

Hot forge 
Remove Flash 
Turn end 
Drill and Tap 


Material Utilisation 
40% 














IMPROVED SEQUENCE 
OF OPERATIONS 


Cut off 

Cold extrude 
Pierce end 
Turn end 
Tap 


Material Utilisation 


7O% 


Fig. 37. Comparison of methods for producing wheel nut. 


Fig. 38. Steel cap nut (long) operation sequence. 


Fig. 39. Steel cap nut (short) operation sequence. 
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Fig. 40. Selection of steel components extruded at PERA. 


as part of PERA’s research and development service 
to industry, and enables companies to have all experi- 
mental work carried out and a pilot production run 
made before embarking on the necessary capital 
expenditure for producing cold extruded parts, 
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CRANFIELD SYMPOSIUM — 

concluded from page 175 
philosophies, by religions, by politics and even 
recently by industrialists with a rather spurious and 
face-saving exercise known as “ welfare’’. All these 
attempts had failed completely. Was it not time that 
the scientists had a go at it— time that a much 
greater proportion of bright young scientists coming 
out of the universities was canalised into new research 
to solve this problem of human nature? The produc- 
tion engineer, more than any other technologist or 
scientist, was concerned with the handling of men and 
women. It was he who would have to apply the 
findings of the new research. He hoped that the 
Institution as a whole would give much greater 
attention ‘to this side of affairs—not on the senti- 
mental side of “ welfare’ or anything of the kind, but 
something very much more fundamental. 

“Let us make sure,” he concluded, “ that when we 
have our next symposium—and I hope it will be 
here — and we ask ourselves the question : “Why are 
we all here?’ let us make sure that the appropriate 
answer is not : ‘ Because we are not all there.’ ” 

The symposium concluded. 
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PRODUCTIVITY AND 
INDUSTRIAL PSYCHOLOGY 


A one-day Conference on “ Productivity and 
Industrial Psychology” has been organised by the 
South London Productivity Association, and will be 
held in the Council Chamber of the F.B.I. Building, 
21 Tothill Street, S.W.1, on 22nd March, 1961. 


The Conference fee is £2 2s. Od. and luncheon 


reservations can be arranged if desired. 


Full programme details may be obtained from the 


Honorary Secretary : 


MR. DAVID B. HOPE, 
11 PANMURE ROAD, 
LONDON, §.E. 26. 

(Telephone: FOR 4879.) 
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CLOSE-TO-FORM AND 
CLOSE TOLERANCE FORGINGS 
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He joined H.D.A. in 1937 as a die designer and 
during the early part of the War became Chief 
Draughtsman at Slough. He was subsequently respon- 
sible for the Company’s Central Drawing Office. 

From 1945 - 1950 he was Chief Die Designer at the 
Forgings Division, Redditich, being appointed Works 
Manager of the Division in 1951, and to his present 


position in 1953. 





Manager, Forgings Division, 


High Duty Alloys Limited. 


fine forging industry is facing a period of change 
in the 1960’s which will be as important as the 
changes in other long established industries, brought 
about by the revolution in thinking which is now 
taking place in production engineering. During the 
last five years, forging engineers have realised the 
need to develop techniques to improve accuracy and 
surface finish in order to eliminate machining of 
forgings wherever possible. Machining techniques 
have advanced to such an extent that setting-up time 
is the major factor and the production engineer does 
not worry too much whether he has to remove .050 in. 
or .150 in. of the metal. It therefore became obvious to 
forging engineers that there was no virtue in getting 
fairly close to producing a forging which still required 
machining. The only way to expand the forging 
industry in the face of other competitive methods was 
to eliminate altogether the need for subsequent 
machining. This Paper will seek to outline the not 
inconsiderable progress which has been made. 

The forging of metals is one of the most ancient 
crafts known to man and was developed under the 
compulsion to fashion stronger and more durable 
weapons and tools of war. It was this same need that 
provoked the development of powered drop hammers 
towards the end of the last century, when the develop- 
ing engineering industry demanded the strength of 
forgings and a method of producing large quantities 
of components forged to controlled shape. Drop 
forgings, therefore, have played an important part in 
the development of engineering products in the last 
60 years or so. 
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There has been continued 
progress in the industry 
under pressure from __ its 
customers to supply forg- 
ings of increasing complexi- 
ty, strength and size. The 
growth and importance of 
the industry need not be 
stressed to this audience but 
for the record, over 34,000 
tons of steel drop forgings 
were supplied during the 
month of June, 1960. The 
vast majority of these were 
forgings conforming to the 
standard dimensional toler- 
ances of the National 
Association of Drop Forgers 
and Stampers, which control 
dimensional variations for 
thickness, die wear, offset, 
etc., within fairly close 
practical economic limits. 

These forgings satisfy a 

very substantial part of the 

market and are generally a 

first-class product. The forg- 

ing industry has, therefore, 

proved itself to be flexible and adequate to meet, on 
the one hand the mass production needs of the motor 
car industry, and on the other hand to satisfy the 
very exacting and changing demands of the aircraft 
industry. 

There is a requirement, however, in an expanding 
field to do something more than standard die forging 
practice can offer and this is partly recognised in 
the N.A.D.F.S. Notes on tolerance, where reference 
is made to closer to form forgings. The aircraft indus- 
try, for example, demands weight control on large 
forgings much closer than normal standard tolerances 
allow. Many of these requirements have been met 
without departing from conventional forging practice 
by exercising a much greater degree of contro] in the 
accuracy of die impressions, control of temperatures 
and “use” shapes to reduce the thickness and offset 
variations in the forging operations. This has been 
particularly so in the case of aluminium alloy forgings, 
where the problems of surface deterioration due to 
scaling, decarburisation, etc., are not encountered, 
which is, of course, the case in steel drop forging. 
Much progress has, therefore, been made in the 
control of aluminium alloy forgings. 


difficult problems 


The problems encountered in making close-to-form 
steel forgings are more difficult to overcome; die im- 
pressions tend to lose accuracy more quickly due to 
the erosion and collapse of the die steel in deforming 
metal heated to temperatures of 900°C - 1100°C. If 
high temperature forgings are not protected during 
heating and forging, scaling will result and surface 
condition will not be adequate to meet the needs 
of precision work. Much thought has been given to 
overcoming these difficulties and this Paper will cite 
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Fig. 1. Large undercarriage forging for Fokker 
Friendship Aircraft. 


some of the successful examples in this field. The aim 
is to produce forgings in high temperature materials, 
such as steel, Nimonic and titanium, comparable in 
every way to the dimensional and surface quality of 
the forgings which have been produced in light 
metals. Some outstanding examples which illustrate 
the progress made by conventional methods are des- 
cribed in the following section. 

A large undercarriage forging for Dowty Equip- 
ment for the Fokker Friendship Aircraft is shown in 
Fig. 1. This weighs 1601b., and is controlled to a 
thickness tolerance of +.050 in. —.000in. material 
Hiduminium RR.77 (DTD.5024). This forging is 
machined only on bores and mating surfaces. 


Fig. 2 shows one of the largest die forgings produced 
in the United Kingdom. It is a main undercarriage 
component supplied to Dowty for the A. V. Roe 
Vulcan Aircraft. The overall length is 84 in., weight 
932 lb. and the thickness tolerance is controlled to 
+0.100 in. -0.000 in. This forging is machined in 
bores and on mating surfaces only. 


In Fig. 3A may be seen a fin for Armstrong Whit- 
worth Aircraft in Hiduminium R.R.58 (DTD.731). 
This is not machined on the two sides, which each 
have three facets. The edge thickness is 0.06 in. and 
the centre 0.90 in. The overall length and width is 
24in. X 14$in. respectively; thickness is held to 
0.025 in. 

Apart from dimensional control the problem of 
distortion in heat treatment and subsequent slotting 
had to be overcome by using modified heat treat- 
ment methods, i.e., quenching in oil. By using fixtures 
to support the edges during the heat treatment. 
freedom from distortion and internal stress has been 
achieved. This is demonstrated by the saw cut which 





Fig. 3A. Fin in Hiduminium for A.W.A. 


Fig. 2. Main undercarriage component for Avro Vulcan 
aircraft. 


Another fin forging in Hiduminium. 





is part of standard release procedure for these com- 
ponents. No closing or opening of the saw cut is 
permitted. 

Another fin forging in Hiduminium RR.58 
(DTD.731), again not machined on the tapered sides, 
is seen in Fig. 3B. Edge thickness is 0.054 in., centre 
plate thickness 0.39in., overall length is 27}in., 
thickness is held to +0.010in., distortion tolerance 
0.02 in. This forging is also quenched in oil to 
minimise distortion problems. 

Control fins in steel $.96 for De Havilland are 
illustrated in Fig. 4. The tapered control surfaces are 
forged, allowing 0.017 in. grinding allowance on both 
faces. The edge thickness is .055 in. minimum, thick- 
ness tolerance +.015in., overall length and width 
10in. X 34$in. maximum. 

Fig. 5 shows a forging in S.96 for Rolls-Royce Ltd. 
This forging is too large in steel to achieve the 
elimination of machining, but by careful contro] the 
amount of machining has been reduced to .093 in. on 
depth and .15 in. on plan view. 

The forgings shown in Figs. 1, 2, 3a, 3b and 5 
were produced using the 12,000 ton hydraulic forging 
press. The steel control fin (Fig. 4) was produced on an 
800 ton screw press. These forgings illustrate current 
practice using conventional methods and indicate the 
progress made in the reduction or elimination of 
machining. Many other similar examples could be 
quoted. The endeavour is to produce the complex 
and difficult-to-machine shapes by forging and to 
leave the remainder to straightforward machining 
operations. 


progress in forging technique 


conventional forging process 


There are other outstanding examples of close-to- 
form and close tolerance forgings in aluminium and 
steel which have been made by advanced methods, 
but within the description of conventional die forging. 
In these forgings there has been a requirement to 
hold the die closure and die form errors within a 
few thousandths of an inch. These forgings are 
generally smaller in size than those mentioned in the 
first part of this Paper. 

The classic example in this field is the forged-to- 
size compressor blade for gas turbine aero-engines. 
The need to depart from conventional machining 
methods arose when the first experimental compres- 
sors were released for production 20 years ago. The 
blade form was a curved aerofoil shape, tapered in 
thickness from root to tip. To machine such a shape 
would have involved the development of special 
purpose machines resulting in delays and involving 
costly investment of capital. The problem was there- 
fore handed to the forging engineer. 

Entirely new concepts of accuracy of die sinking 
were involved, die impression errors being held to less 
than 0.001 in. Projection methods were installed for 
checking and a special complex technique has been 
developed to control accuracy of forgings throughout 
the manufacture. 
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Fig. 4. Control fin in steel $.96 for De Havilland. 


The first precision forged blades were in aluminium 
alloys but blades are now also precision forged in 
stainless steel, titanium alloy and Nimonic alloys. 

Many millions of blade forgings have been made 
and the process is still supplying the vast majority of 
the blades now being used. 

Fig. 6 shows some of the types of blade forgings 
being produced and Fig 7 indicates the tolerances 
which can be held in various materials on blades from 
3 in. - 6 in. in length. 


Fig. 5. Forging in $.96 for Rolls-Royce. 








Fig. 6. Some of the types of blade forgings 
being produced. 


In order to inspect dimensionally, special purpose 
inspection equipment has been developed. Methods 
of checking in current use are :- 


1. liquicolumn air operated checking fixtures; 


2. projection methods which scan the aerofoil 
profiles ; 


. conventional fixtures using dial indicators for 
measuring twist, bow and offset. 


The checking of surface condition of blade forgings 
is a highly critical operation, as the surface has to be 
completely free from inclusions, small laps and hair 
line cracks. 


Apart from control of shape, the surface finish for 
blade forgings is generally held to 17 - 20 micro in. 
This is achieved by electrolytic polishing, followed by 
anodising in the case of aluminium alloys. 





BLADE TOLERANCES 





Angular Profile 


Blade Length Thickness upon Displacement Tolerance 





+.0015 in. to 
give a smooth 


Hiduminium +.005 in. | .002 in. per 1 in. 2 
Steel and Titanium + .007 in. of length 


surface 





Hiduminium +.008 in. | .002in. per 1 in. +002 in 
Steel and Titanium +.010 in. of length ; 








Hiduminium +.012 in. | .002in. per 1 in. P 
ss ; : +.003 in. 
Steel and Titanium +.015 in. of length 





Hiduminium +.018 in. .002 in. per 1 in. 
Steel and Titanium +.025 in. of length 

















The foregoing is given as a general guide only and different tolerances may be applied to 
blades with special characteristics. 














To achieve the surface smoothness required in the 
case of stainless steel blades, steps were taken to pro- 
tect the forgings during heating to forging tempera- 
ture (1140°C) and during forging. Various methods 
are used, e.g., controlled furnace atmospheres, plating 
with various other metals, the use of special lubricants, 
e.g., colloidal glass. 

The resultant product passes the very stringent 
inspection processes which the aero-engine industry 
demands. 

The methods developed under these conditions 
have now been applied to other forgings (see illustra- 
tions) which totally remove the necessity to machine. 


limitations of conventional forgings 

Although much progress has been made, as illus- 
trated above, there are limitations in shape, tolerance, 
etc., which cannot be avoided by the conventional 


Fig. 8. Close-to-form forgings in aluminium and 
magnesium 


method of forging between two dies. These limiting 
factors can be summarised as follows :- 


1. the need to fill up undercuts; 


2. draft angle must be allowed to enable removal 
from dies; 


. fillet radii cannot be reduced beyond certain 
limits, compatible with the internal shape of 


the forging; 


. die design must avoid weak projections and 
features which result in die failure; 


. die closure tolerances must be allowed, and 
variations can be expected within these 
tolerances; 


. die wear results from the movement of metal 
over the die faces into the scrap gutter. 


Close-to-form forgings in alloy steels. 
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Fig. 10. Typical examples of split die forgings. 


new approaches to forging problems 
(light alloys) 
split die forgings 
In order to overcome the limitations described 


above, much thought has been given to tool design 
and to developing different forging machines such 


Fig. 11. Pump body forging being removed from the tools. 


as hydraulic or mechanical presses having side acting 
rams. The “hot brass” pressing industry has used 
side acting tooling for many years to make forgings 
such as water taps and valves. This approach has 
been developed on a much larger scale in the United 
States by the Cameron Iron Company, who have 
installed an 11,000 ton hydraulic press with two 
6,000 ton side acting rams. They use these for the 
manufacture of large hollow forgings in steel for 
the oil well and similar industries. 

This approach is now being applied to many forg- 
ings in aluminium and magnesium alloys with great 
success. 

The advantages gained are :- 


1. die closure tolerances are dependent only on 
how tightly the dies are held together during 
forging ; 

2. undercuts can be produced ; 


. die wear can be reduced because of minimum 
metal flow; 


. flashline effects (grain) are greatly reduced. 


Fig. 10 shows typical samples of split die forgings 
and Fig. 11 shows a pump body forging being re- 
moved from the tools. 


enclosed die forgings 


This method also has been developed for alumin- 
ium and magnesium alloys. In this process the metal 
is totally enclosed in the dies, the punch member 
sealing off the cavity. On the descent of the punch 
the metal is forced to flow into the various cavities 
in the top and bottom members of the die. The only 
escape for the metal is provided in the form of 
vertical vents of small cross-section, thus the control 
of volumes is extremely important. Forgings without 
draft and flash line effects can be produced by this 
method with small fillet radii. 


Errors of shape are limited only by the accuracy 
of the impressions of the top and bottom members. 
Die closure tolerances are however, still required 
but can be held to approximately +0.02 in. 

In the case of the single-sided impeller shown in 
Fig. 12, the important form is on one side only so 
that the base is usually thickened up and the require- 
ment is to achieve fully made up fins. The base is 
reduced to final thickness by a simple turning 
operation. Dimensions achieved on this impeller are 
as follows :- 


Vanes :- Thickness +.003 
Disposition .005 


Variation on faces between vanes :- 


.004 (.002 about nominal). 


The impeller type of component is especially suited 
to this type of technique as the various dies and 
punches can be finished by turning and grinding. 
Other plan shapes can be accommodated but should 
be kept to relatively simple geometric forms such as 
rectangles with minor variations. 
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The limit in plan area is governed by the size of 
the press available and the web thickness required. 
The largest practical area at the moment is 150 sq. in. 
with a web thickness in this case of 0.375 in., needing 
a pressure of 3,000 tons. 

One of the features of this process is the die life 
that has been achieved. In the case of the buckle com- 
ponent illustrated, the die life has reached 200,000 
forgings. Fig. 12 shows seven examples of enclosed 
die forgings. 


cold forging (light alloys) 


This technique is receiving much attention at the 
present time due to the accuracy which can be 
achieved (0.0005in.) and the resultant possible 
savings in material and in machining hours. In the case 
of aluminium alloys, the cold impact extrusion tech- 
nique is the standard method of making collapsible 
tooth-paste tubes and similar articles, many hundreds 
of thousands weekly. The process is being applied to 
thicker-walled components, and there are also various 
developments of the process in the steel industry 
which will be touched upon later. 

One of the main lines of development has been 
in the extrusion of components similar to those 
illustrated in Fig. 13. 

Internal and external keys and keyways can easily 
be provided with stepped bores and formation on the 
base of the extrusion. Tolerances on internal and 
external diameters of 0.0005 in. can be achieved. 

The surface condition is excellent, being brightly 
polished. 

In the process, a cold slug of metal is placed in 
the container and the punch is forced into this slug 
causing the metal to extrude back over the punch, 
and sometimes forward into a die cavity. In impact 
extrusion the punch travels at a high speed, and the 
extrusion operation is completed in a fraction of a 
second. Cold forging operations can, however, be 
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Fig. 12. Enclosed die forgings in aluminium 
alloys. 


carried out at slower speeds, for such operations as 
upsetting and heading. Stresses in tool members are 
high at the point of impact and tool strength and 
finish are therefore critical. For cold impact extru- 
sion, special purpose presses have been developed 
which have very robust frame construction and sturdy 
punch guides. 

The process is suitable for production runs of 
10,000 upwards, bearing in mind the cost of tool 
manufacture and development, and setting up costs. 

Aluminium alloys are well suited to the cold 
forging process and an increasing range of compo- 
nents is being produced economically by this means. 


Fig. 13. Examples of extruded components. 








Fig. 14. Sole-plate in titanium alloy. 


progress in close-to-form forgings in steel and 
other materials 


Much attention is being given to the development 
of both hot and cold methods of forging which will 
produce clean precise steel forgings. Compressor blade 
forgings are currently being produced close-to-form 
in stainless steel, Nimonic and titanium alloys to a 
degree of accuracy and surface finish which compares 


favourably with that produced in aluminium alloys. 
Other forgings now being produced close-to-form are 
illustrated 

Fig. 14 shows a sole-plate in titanium alloy. The 
edge thickness is held to 0.035 in. +.015 in. —.000 in. 
Due to the curved form this would be a difficult 
machining operation and close-to-form forging has 


Se capper 


Titanium die forging, weight 14 Ib., for the aircraft 
industry. 


Fig. 16. Titanium die forging, weight 40 \|b., for the aircraft 
industry. 


proved to be a very convenient method showing as 
it does a considerable material saving. Figs. 15 and 
16 show titanium die forgings for the aircraft industry, 
weighing 14lb and 40lb. respectively. These are 
machined only on bores and boss faces. 

Fig. 9 shows a collection of close-to-form steel 
forgings where machining operations have been 
greatly reduced. Fig. 17 shows a steel impeller which 
was stamped close-to-form on the vane formation. 

Fig. 18 shows a collection of forgings in titanium 
alloys which illustrates the range of the process. 

Where the machining operations are difficult and 
costly, or the material is of a high value, the close- 
to-form forging technique offers great advantages. 


cold forging (steel ) 


Cold forging in steel is becoming increasingly 
important and many components for the automobile 
industry formerly finished by machining are now 
being made more by, or planned for, this process. The 
extrusion technique is being applied to hollow com- 
ponents, but in addition such items as small gears and 
splined components are being successfully produced. 
Several suppliers of forgings to the automobile 
industry have already set up production lines of 
special plant for cold forging, and the automobile 
manufacturers themselves are introducing cold forg- 
ing presses into their production lines. 

The plant required for these operations is usually 
specially designed or adapted, but it is possible to 
use conventional presses for some operations where 
speed of deformation is not important. The auto- 
mobile manufacturer seldom requires the highest speed 
equipment, as this is usually in excess of the hourly 
requirement. One leading company is purchasing 
simple presses specially designed to make one com- 
ponent per press, at the speeds the production line 
requires. 

The supplier to the industry, however, is interested 
in the high production rates which the advanced 
press equipment now available can offer—at a 
correspondingly higher capital investment. 

Tool design and know-how is very important in 
the successful development of this process, as the 
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stresses set up at the point of contact are greater. Tools 
are generally made in 12° chromium, 2% carbon 
hardened to 57-58 Rockwell C and finished to a 
smoothness of 4 micro-in. 

Preparation and lubrication of slugs is important 
and various special treatments such as phosphating 
followed by impregnation with various lubricants 
have been developed. Great savings in materials are 
possible as waste in machining chips is largely 
avoided. 


future trends 


In looking into the future, trends of development 
are already apparent. On the one hand more ad- 
vanced methods will be used to make close-to-form 
forgings in the cheaper carbon steels, e.g., cold forg- 
ing, with resultant savings in material, time, machines 
and factory space. 

On the other hand, newer and more difficult 
materials are being specified which are becoming 
increasingly difficult to manipulate by conventional 
methods. Materials such as the latest Nimonic alloys, 
beryllium, zirconium, molybdenum and many other 
new materials will be handled in the next decade. 

New methods are being developed in order to de- 
form these metals, which show great promise in the 
precision and accuracy which can be attained. Very 
high speed, high energy rate, methods are being 
developed by Convair in the U.S.A., using a new 
machine called the DYNAPAK. 

This machine can deliver accurately controlled 
energy up to 450,000 ft. lb. at velocities up to 2,000 


in. per. sec. 


Fig. 17. Steel impeller stamped close-to-form on the vane 
formation. 


Another process under development uses an 
explosive charge to provide the energy for 
deformation. 

The forging industry is applying the know-how 
and experience gained in the last 50 years to the 
problems and conditions which now face us. 
With the advanced methods becoming available we 
can look forward to profound changes in manufactur- 
ing technology in the near future, which will offer 
the designer new freedom in shapes which can be 
produced and the production engineer the accuracy 
he has long required. 


Fig. 18. This collection of forgings in titanium alloys illustrates the range of the process. 
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SPLINE AND THREAD ROLLING 


7 PLINE and thread rolling, in recent years, have 


become established and reliable processes which 
are being more and more widely adopted in industry. 
This is particularly true in the case of the mass 
production of suitable parts, where the economics 
inherent in the process obviously show the biggest 
return in savings. Although the process has been 
known for many years, it is only with the advent of 
suitably designed machines incorporating the neces- 
sary strength, accuracy and durability that the process 
can be regarded as a successful production proposition. 

Also necessary, and of equal importance, has been 
the development of suitable materials whose physical 
characteristics can be adequately controlled to make 
them suitable for rolling. The tools employed in the 
process are generally expensive, and any unpredictable 
failure of them due to material defects can cause 
costly and intolerable hold-ups in production. 

The process is generally applied for precision 
threads and splines requiring no further finishing. It 
takes place at normal room temperatures and involves 
cold flowing of the material by the application of 
compressive forces. In very simple terms, the material 
is progressively pressed down to form the root dia- 
meter of the thread or spline and this causes 
the complementary effect of material being forced to 
flow upward within the die space to form the upper 
portion of the teeth. 

The extent to which any material can be cold 
worked will depend largely upon its ductility and 
rate of work hardening, and in order to achieve the 
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best results, choice of material and condition is very 
important. Generally speaking, metals in a condition 
giving not less than 15°/, elongation or up to 
330 B.H.N. are satisfactory. The work hardening of 
the surface layers associated with the cold working 
is normally regarded as an advantageous feature of 
the process. The increased surface hardness, together 
with the residual compressive stresses left in the metal 
surface, are responsible for increasing the strength and 
fatigue resistance of threads and spline so produced. 

As with all forming methods, another very valuable 
contribution to fatigue strength comes from the 
modification of the grain flow to follow the surface 
contours. Since thread and spline rolling are used 
invariably as finishing operations, there are usually 
no subsequent cutting operations where the increased 
hardness is a handicap, and also the grain flow is left 
undisturbed. (Fig.1.) 


maintenance of accuracy 

The process has the unique ability to maintain its 
original accuracy throughout long runs of high speed 
production, and in this sense is quite distinct from 
metal cutting processes. Thread and spline forms 
on a set of dies are faithfully reproduced on the 
parts rolled by them and do not change appreciably 
during the life of the rolls. With cutting tools, the 
pressure and wear is concentrated on a relatively 
weak cutting edge, but in the case of rolling dies 
these are spread over a large area. Also, whereas the 
cutting tools are subjected to wear by friction of the 
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DISPLACED 
AREAS 


metal chip and workpiece passing over them, the 
rolling dies are subjected to very little friction. 

One further very important point is that their 
form connot be interfered with by incorrect re- 
sharpening, as with cutting tools. 

In common with all cold forming, the surface finish 
produced is very good and tends to be similar to the 
surface of the tools used. Also, the finish tends to 
improve as the use of the dies proceeds due to the 
burnishing which they receive. Surface finishes around 
8 micro in. are easily attainable. 

Operating costs for the process compare very 
favourably with the corresponding cutting processes. 
Initially the investment in machines to achieve a 
given output would be less, due to the higher pro- 
duction rate at which the process operates, although 
obviously this only applies where production require- 
ments are sufficient to permit maximum utilisation of 
at least one machine. Cost of tools is higher and these 
usually require longer time to set up. These features 
indicate that the process is particularly suited for mass 
production where long runs are possible. 

The foregoing advantages and features have now 
come to be generally recognised for spline and thread 
rolling, and it is the author’s intention to relate the 
actual experience which has been gained from the 
application of these processes to the production of 
two particular components. These are the spline roll- 
ing of axle shafts and thread rolling of cylinder head 
studs. 


axle shafts 


The specification of the involute splines on the 
axle shaft which engage with the differential side gear 
are as follows :- 


No. of splines 20 
Diametral pitch 24/48 
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Pitch diameter 8333 
Circular thickness .0724/.0714 
Base circle diameter - 5893 

Pressure angle 45° 

.9664 /.9654 in. 
7917 /.7877 in. 


.8610/.8570 in. 


Size over .080 in. dia. pins 
Root diameter 

Maximum diameter 
Length of spline — 1 in. 


The material for the shaft is EN.8A 35 Carbon 
Steel. Upset forging made from 1} in. dia. black bar 
and supplied in the normalised condition with Brinell 
Hardness Nos. 163-217 (equivalent to not more 
than Rockwell C.20). 


Carbon 


Manganese 


0.33 - 0.38 
0.70 - 0.90 
Silicon 0.05 - 0.35 
Sulphur and Phosphor 0.060 max 


Hardness after induction hardening — Rockwell 
C.52 min. 

Hardness after tempering at 320°C for two hours 
and water quench — Rockwell C.40 - 46. 

The following is a summary of the methods 
employed prior to 1957 for the manufacture of this 
shaft, insofar as they affect the production of the 
finished spline. All machining was carried out in the 
normalised condition and this was followed by induc- 
tion hardening and tempering of the complete barrel 
of the shaft including the splines. Subsequent to this, 
were the various grinding operations. 

The splines were cut by hobbing and in order to 
maintain a satisfactory standard of quality with re- 
gard to the size tolerance of .001 in. together with 
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high surface finish, this proved to be a slow process. 
In fact, the time required for the complete operation 
including tooling allowances, etc., was 3.62 mins. 

In 1957 the problem arose of increasing the pro- 
duction of these shafts to 120 per hour, and it was 
decided to adopt the spline rolling process in the 
interests of both quality and economy. 

Investigations were made into the economic and 
technical features of the various rolling machines 
available, and the one chosen was that offered by 
the Michigan Tool Company of U.S.A. (Fig. 3.) One 
strong reason for the choice was that it employs a 
pair of simple racks from which the involute splines 
are generated in a manner somewhat similar to the 
rack type gear shaving machine. It was considered 
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Fig. 4. The forming racks are mounted on sturdy slides which travel in opposite directions and 
are powered by identical hydraulic cylinders. The cylinders are supplied by a common four-way 
valve assuring equal flow and pressure. 








SYNCHRONIZING GEAR 
































FORMING 
RACKS 


< — 





















































SECTION MA 








SYNCHRONIZING RACKS 
SPINDLE HOUSING 


Fig. 5. The movement of the slides is mechanically synchronised by mounting identical master 
racks along the centre portion of each slide. These racks are in mesh with a precision idler 
gear, bearing on the O.D. of a rigid spindle housing (which also carries the head-stock centre). 


that the basic simplicity of this method offered 
advantages with respect to the production of accurate 
involute splines (i.e., tooth form, spacing, helix angle 
and size). 

The essential structure of the machine consists of 
a very rigid open fronted “C ” frame with two slides 
located one above the other in a line parallel to the 
front of the machine. The slides on which the racks 
are mounted travel in opposite directions and each 
one is powered by a separate hydraulic cylinder with 
suitable control valves to ensure equal flow and pres- 
sure. In order to guarantee the correct movement 
relationship between the two forming racks, a timing 
gear rack is also mounted integral on each slide and 
a connecting gear meshes between them. (Figs. 4 
and 5.) 

In order further to strengthen the machine against 
the forces tending to open the “C” frame, which 


EQUAL AREAS 


can be as high as 30-40 tons, heavy tie bars are 
fastened across the front of the opening. The use of 
slides offers a very large bearing area for supporting 
the racks as compared with what could be obtained 
in a rotary bearing. These design features ensure the 
precision under high loading together with the long 
life necessary for a production process. 

The workpiece is freely supported on centres or 
other suitable bearing and rotation jis caused by the 
linear movement of the racks. 

The pre-rolling or blank diameter of the workpiece 
is determined as the circle where the area of metal 
above this diameter is equal to the area of the tooth 
space below it. The forming racks are made so that 
the circular pitch of the teeth is equal to the circum- 
ference of the blank divided by the number of teeth 
to be formed on the part. At the starting end of the 
racks, the tops of the teeth are ground down so that 


Fig. 6. The principle involved in the Roto-Flo process is that of 
metal displacement. On a given spline to be formed, a circle 
must be found which creates the condition, shown left, where 
the area of space below the circle equals the area of the tooth 
above the circle. This circle then is the blank diameter (the 
diameter of the shaft before rolling). For best results this 
diameter should not vary more than .002in. (and must vary 


BLANK DIAMETER even less on large pitches and large pressure angles). 





Fig. 7. The shaft to be rolled is held between centres. 
(The blank diameter must run true with the centres.) 


they just engage the blank diameter and then increase 
progressively to full depth so that metal displacement 
is gradual. At the finishing end there are sufficient 
teeth at full depth to enable the workpiece to rotate 
two or three turns with no further metal displace- 
ment. These teeth are naturally only lightly loaded 
and perform final sizing and burnishing. (Figs. 6, 7 
and 8.) 

For initial setting, the mounting for the racks 
incorporates wedges and blocks for obtaining size 
and matching of the racks. It is of interest to mention 
here that whilst the process is intended primarily for 
long production runs, it is the practice at the author's 
company to produce an additional shaft on this 
machine with 21 splines having the same pitch and 
pressure angle. This changeover involves altering the 
size between the racks and rematching them for the 
odd number of splines, and occupies only 15 - 20 
minutes. 

In the interests of keeping the storage of different 
finished shafts within reasonable figures, the fre- 
quency of this changeover is every 2-3 days. 

Operation of the machine is very simple and is 
safeguarded by various interlocks. (Fig. 9.) A com- 
plete cycle usually takes about 12 seconds. To prevent 
“cold welding” of the workpiece to the rack during 
rolling, the operation is flooded with an oil lubricant. 

The capacity of the process covers involute splines 
from 16/32 in. DP to any of the finer pitches such as 
64/128 in. DP. A limitation applies in the smallest 
number of teeth which can be rolled and _ this 
naturally depends on the DP, but around 18 teeth 
24/48 in. DP is an example for straight splines. If the 
splines are helical, this number can be decreased. 
Spline lengths up to 4 in. can be accommodated and 
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Fig. 8. Forming racks are made so that the circular pitch of 

the racks corresponds to the blank diameter. The tops of 

the teeth on the starting end of the racks are tapered, as 

shown above, so that the initial bite is very slight and 

metal is gradually displaced as the racks traverse the part. 

The racks are made in pairs and the two racks in a pair 
carry a common serial number. 


the spline can also be adjacent to a shoulder which 
is often of considerable advantage. 

Diameters in the range from 4in-2in. can be 
dealt with and on the long stroke machines adjacent, 
splines and threads can be rolled successively on the 
same shaft in one operation. 


no design modification 


It must be realised that rolling is particularly well 
suited for the splines on this shaft and it was not 
necessary to modify the spline design in any way 
at all. Similarly, since the shaft is processed in the 
soft condition except for grinding, it was not necessary 
to make any changes in the general pattern of -process- 
ing apart from the exchange of rolling for hobbing. 

The 45° pressure angle which results in a very 
stubby tooth section on the rack, together with the 
shaft being rolled in the soft condition at Rock- 
well C.20, provide excellent conditions for spline 
rolling. 

Experience of the process in the author’s company 
has been entirely satisfactory and up to now approxi- 
mately 1,500,000 shafts have been rolled. From the 
point of view of product performance the experience 
has been equally satisfactory, and service records of 
vehicles fitted with these shafts show them to be very 


good. 


The life of the racks has been almost phenomenal, 
averaging around 400,000 shafts between regrinds. 
When failure of the racks occurs, it is due to gradual 
chipping of the crests of the teeth which begins to 
cause bad finish on the workpiece. The racks are 
made from high carbon, high chrome steel and are 
obviously precision tools of the highest order. (Fig. 
10.) Both the initial manufacture and the subsequent 
regrinding of them entail highly specialised techni- 
ques. Because of the relatively low consumption of 
these racks, it is unlikely that individual users would 
find it worth while to invest in the necessary equip- 
ment and training of personnel to deal with their 
manufacture and servicing. Usual practice is for the 
machine manufacturer, or a company appointed by 





Fig. 10. 


them, to offer this service on an economical basis. 
The company which set up these facilities for carry- 
ing out the regrind service has, in fact, been very 
disappointed over the lack of regrind business arising 
from this particular job. 

Surface finish of the roller spline is very good and 
much superior to the hobbing finish which it has 
replaced. 

The pitch diameter tolerance of .001 in. measured 
over pins has been held consistently with no difficulty, 
whereas our previous experience with hobbing proved 
this to be an almost impossible tolerance on a 
production basis. 


care in preparation 


On the debit side, the preparation of the diameter 
for rolling needs to be carried out more carefully 
than for hobbing. For hobbing, a blank tolerance of 
.003 in. would be quite satisfactory and is very easy 
to obtain by normal turning techniques. For rolling 
a blank tolerance of .0015in. together with good 
surface finish is necessary in order to obtain correct 
filling of the racks. Whilst this is more difficult, it is 


FULL THREAD 


STUD END 


45° 
ake BOTH ENDS 


Ke-14 U.N.C-2A 


P.O. 3897 - 3850 PD. -4037--3095 


MINOR DIA.:3749 3671 


STUD TO BE STRAIGHT WITHIN -015 TOTAL 
INDICATOR READING OVER TOTAL LENGTH 


Fig. 11. 


still within the capacity of a good-class lathe and our 
practice is to turn this diameter together with the 
remainder of the copy turning of the shaft in one 
operation. 

From the previous experience of hobbing this 
particular spline, followed by the more recent exper- 
ience of rolling the same spline, it is possible to give 
a fairly accurate comparison of hobbing against rolling 
costs. The study opposite is based on the annual 
production of 480,000 shafts. Equipment is employed 
up to a maximum of 4,000 hours per year or 17 hours 
per working day. The cost of floor space, electric and 
pneumatic power, oils, machine maintenance and 
general supervisory and service costs, are included in 
an overhead or burden rate of 140°/, applying equally 
to both methods as a percentage addition to the direct 
labour costs. This is reasonably accurate, since these 
items tend to vary in direct proportion to labour 
cost. Cost items particularly associated with each 
process are evaluated separately. 


cylinder head studs 


The specification for this component is as shown in 
Fig. 11. and is made from EN 8E. The material is 
purchased in 500 Ib. coils of .440/.446 dia. wire which 
is stearate coated for lubrication purposes. The pro- 
cess used entails a series of individual operations, 
namely straightening, drawing to size, cropping, cold 
extrusion of both ends, chamfering of both ends and 
thread rolling of both ends and the machinery for this 
was supplied by PEE WEE of Germany. (Fig. 12.) 

Except for a very small amount of swarf produced 
at the chamfering operation and a few inches of lost 
material when the start of the next coil is welded onto 
the end of the used coil, the whole process operates 
with no wasted material at all. It achieves practically 
100% material utilisation and it is easy to appreciate 
that with steel costing upwards from £80 per ton, 
this feature is responsible for considerable cost saving 
compared with bar auto methods where wastage must 
occur due to part off losses, material removed during 
threading and wasted bar ends. 

The operations themselves are coupled together 
and from the cropping of the blank, conveyorised 
handling is employed resulting in continuous auto- 
matic production from the coil to the finished stud. 
A diagrammatic layout of the operations is shown in 
Fig. 13. 

A coil lasts about two-and-three-quarter hours and 
during this time the only operator attention required 
is general supervision of the process, thereby releasing 
him for other duties. This includes preparation of 
the next coil to be used and by doing this only 12 
mins. actual production time is lost in changing to the 
next coil. 

Straightening to within .002 in. is carried out by 
passing the wire through a series of fixed and eccen- 
trically rotating bushes. This is important for accurate 
extrusion and thread rolling. Then follows a drawing 
operation at which the wire is reduced about 3°/ 
in order to control accurately its diameter. The toler- 
ance of the wire as purchased is .006 in. and this is 
not sufficiently accurate to fit the lead in of the 
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Floor to floor time per piece (includes loading, 
unloading, tooling and personal contingen- 
cies), ... 


Floor to floor time per piece (includes loading, 
unloading, tooling and personal contingen- 
cies). 0.40 in. feed at 240 r.p.m. Single start 
hob — 1} in. travel 2.70 min. cutting time 3.62 min. 





Number of machines required 
Total investment for machines excluding 
replaceable cutting tools (£12,500 per 
machine) me may des ... £12,500 
Annual cost of machines assuming 10 year life £1,250 
Cost of racks and regrinding to produce 
480,000 shafts. 400,000 shafts/regrind. 2 
regrinds/rack @ £250 each. Initial cost of , 
racks £471 each 


Annual cost machine and _ tools 


Cost per shaft machine and tools 


Number of machines required 


Total investment for machines excluding 
replaceable cutting tools (£4,800 per 
machine) . £38,400 


Annual cost of machines assuming 10 year life £3,840 


Cost of hobs and regrinding to produce 
480,000 shafts. 280 shafts/regrind. 20 
regrinds/hob @ £1 each. Initial cost of 
hobs £14 each £2,780 


Annual cost machine and tools £6,620 


Cost per shaft machine and tools... awe 3.31d 





Labour time per shaft. (Manual loading 
— 1 man/1 machine 


Labour cost/shaft @ 7/6d./hour 
Overhead @ 140% 


TOTAL COST OF OPERATION PER 
SHAFT 








Labour time per shaft. (Manual loading 
— 1 man/1 machine) 


91 min. 
Labour cost/shaft @ 7/6d./hour ... we 1.36d 
Overhead @ 140% ... 7 ui ne 1.90d 


TOTAL COST OF OPERATION PER —H 
SHAFT ed “wi nae 28 nee 6.57d 








This results in a saving of 5.03d. per shaft or £10,060 per 
year on 480,000 shafts. Unlike most other cold working 
processes, this one does not produce any saving in material 
since the size of rough forging is the same for both methods. 


extrusion dies. It would also give rise to varying 
lengths after extrusion due to the varying volume of 
metal in the blank. 

After cropping, the blanks are transferred to the 
extrusion station, where opposed carbide dies powered 
by hydraulic cylinders extrude both ends simultan- 
eously to a diameter suitable for thread rolling. The 
ends are then chamfered, after which the blank is 
ready for thread rolling. 

Here the technique is rather unusual, in that since 
the threads at each end are different pitch they can- 
not be rolled simultaneously and this also precludes 
the normal method of applying infeed to the thread 
rolls. Reference to Fig. 14 shows the type of rolls 
employed, which are threaded over somewhat less 
than 180° of their surface and also one roll of each 
pair is ground to lobed peripheral contour. The rolls 


revolve on fixed centres with the thread portions on 
the pair of rolls at one end of the stud pitched half 
a revolution opposite to the threaded portions on the 
pair at the other end. By this means a complete stud 
is produced at each revolution. A suitable escapement 
device controls the entry of the blank into the rolls 
at the correct timing and after rolling the stud is 
carried out in a slot in the rolls. (Fig. 15.) 


consistent high quality 


As with spline rolling our experience in operating 
the process has been characterised by the extremely 
high and consistent quality of the parts produced 
with very little attention being required for tool main- 
tenance. Output is at a rate of 1,200 studs per hour 
and after making allowances for coil changing, tooling 
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and personal allowances, together with an allowance 
for changeover to produce studs of different lengths 
and diameter, the net output is approximately 880 
per hour. 


Cropping Drawing Reeling 
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Because of the complexity of the handling equip- 
ment, the changeover from one stud to another caused 
up to 20 hours lost production. To minimise this loss 
in relation to overall production, the batch sizes are 
carefully scheduled to cover two months requirements 
of each stud. This enables large batches ranging 
between 40,000 - 300,000 to be produced. 

Life of drawing and extrusion dies is around 
2,000,000 pieces. They are made from carbide and 
replacement cost is about £25 each. 

Life of thread rolls is around 300,000 pieces. These 
are made from high carbon high chrome steel and 
replacement cost is about £125 per set. 


Right hand spindle 


70 ‘lead in 


. “ 
Direction of 
rotation 


a 
Direction of 
rotation 


Thread 
‘portion 


Sack 





Again, as with spline rolling, it is apparent that 
tool cost per piece produced is very low and also 
that the rate of output from the one installation is 
equivalent to approximately six single spindle auto- 
matics carrying out the work in two operations for 
threading at both ends. 


an attractive feature 


A very attractive feature of the process is that the 
use of coiled material avoids the awkward handling 
associated with the 12 ft.- 14 ft. bar lengths used in 
conventional bar auto methods. 

As previously mentioned, in this case, the cold 
forming and thread rolling is responsible for very 
considerable material savings compared with bar 
autos. By the Pee Wee method one ton of steel pro- 
duces 12,300 studs. By the bar auto method one ton 
of steel supplied in 12 ft. lengths produces 10,920 
studs. The difference, amounting to 1,380 studs or 
12.8°/, increase, is due to } in. material being wasted 
for each part off, approximately 24 in. total wasted 
at the beginning and end of each bar and the material 
removed by thread cutting. When this material saving 
is multiplied by the high output rate of which the 
process is capable, it is easy to appreciate the 
enormous economic advantages to be gained from its 
adoption. 

Furthermore, the complete stud is produced with- 
out any intermediate handling. In our experience of 
investigating various cold forming processes, it has 


been found frequently that additional operations 
are required both before and after forming and in 
spite of the obvious advantages to be gained from 
cold forming itself, they can be more than outweighed 
by the cost of these additional operations. Accurate 
production of a blank is normally required and this 
must often be followed by phosphating in preparation 


for cold forming. Subsequent to forming, it may be 
necessary to carry out such operations as undercutting 
and recessing, and where these have to be dealt with by 
manual handling they become very expensive. In 
these cases we have found that in spite of the high 
wastage of material on bar autos, they still show the 
lowest overall costs of production. 

To sum up, it is obvious from the examples quoted 
that great economic and technical advantages can 
be gained from both spline and thread rolling, and 
this must lead to a much wider adoption of them 
throughout industry. 

Existing product designs are frequently an un- 
necessary limitation to this progress, and in this field 
there is great scope for co-operation between product 
design and production engineers to evolve designs and 
materials which can take full advantage of these 
processes. 
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away ae E forming defines the application of 
energy derived from the detonation of an explosive 
charge to achieve the plastic deformation or com- 
paction of a metallic material. The stresses are 
conveyed as impulsive waves in a suitable trans- 
mitting medium, usually water or air. The process 
can be applied to the indentation of a surface, 
compaction of metallic powders, swaging and 
forming. The displacement of the surface in contact 
with the deforming medium is effected under large 
hydrostatic forces, which achieve the desired defor- 
mation at strain rates which are much greater than 
those effected by mechanical means. 


The uniformity of the loading imposed and the rate 
of strain application account for the relative absence 
in springback observed. It is common experience 
that hydroformed materials exhibit a lower degree of 
springback on account of the uniformity of applied 
stress; the effect of rapidly applied hydrostatic loads 
is to improve the slip mechanism and subdue the 
strain hardening, so that the process imparts a resultant 
improvement in yield strength to the material 
without producing localised stress unbalance which 
causes springback. 

The strain rates applied are of the order of 105/sec. 
which, incidentally, are of the same order as the shear 
strain rates encountered in the machining process 
and within the adiabatic range of straining!. 

Photo-micrographs of sections from several sources 
show that the effect of adiabatic straining is to 
produce a fine and diffuse slip, in preference to the 
coarse slip exhibited at low rates of deformation?. 
In precipitation hardening steels martensitic banding 
also appears to be a feature of high strain rate-4, 

An examination of the stress strain diagrams for 
adiabatic strain rates will show, particularly for shear 
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strains above 0-4, that the value of the flow stress does 
not rise. abruptly with increase of strain, so that large 
strains applied adiabatically are seen not to produce 
the work hardening experienced when deforming at 
lower rates (see Fig. 1). In general larger strains can 
be achieved for the same stress levels and the material 
behaves in a more ductile manner (see Fig. 3). 


Where the rate of deformation in a given region is 
sufficiently high, no significant heat is conducted from 
the source until straining has ceased and the process 


COMPARISON OF ISOTHERMAL AND 
ADIABATIC STRESS /STRAIN CURVES 


ADIABATIC 
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of deformation is adiabatic. When an increase in the 
rate of straining changes the process from isothermal 
to adiabatic, the increase of stress brought about by 
the higher straining speed becomes dominated by 
temperature effects which provide the activation 
energy for freeing of dislocations and the promotion 
of diffuse slip. Residual strain, however, is regarded 
as a disturbance of the isotropic condition of the 
metal, that is, course slip of the randomly orientated 
crystal structure, since fewer slip planes are activated. 
By these definitions, which somewhat generalise the 
movement of the microstructure, a clearer picture is 
presented between the improvement of strength and 
the introduction of residual strains which lead to 
springback. 

With explosive forming the variation of stress and 
strain is brought about by the propagation of elastic 
and plastic waves, and initiation of particle velocity 
throughout the material. This process is entirely 
different as in the case with the gradually applied 
load, where the stress and strain condition is estab- 
lished evenly and progressively throughout the test 
member. Since impulsive waves are reflected, the 
material can be subjected alternately to compressive 
and tensile stresses under impulsive loading conditions ; 
this does not occur under static loading. 


The determination of velocity of the stress wave in 
a semi-infinite body becomes complex on account 
of the mutually perpendicular constraints, defined by 
the strain conditions in an incompressible body, i.e., 
€; = —(€g + €g) and the mode of support. 


For example, if a flat plate is supported on a rough 
rigid surface over its area, €2, €3, will approach zero 
and a condition of loading normal to this surface 
will produce surface hardening rather than defor- 
mation because of the lateral constraints. If, however, 
supporting and frictional constraints are exercised 
only at the boundary, the tension stresses brought 
about by bending in the plastic range under the 
uniformly applied normal loading will introduce 
relatively large values for €2, €g and the plate will thin. 
The maximum value of the thinning will be reached 
at the centre where €2 = €3 theoretically, (see Fig. 2). 


COMPRESSIVE STRESS ~— 


€3=0 


RIGID 
SUPPORT 


SHOWING HARDENING ON 1A SURFACE 
WHERE €2+€, =0 DUE TO ROUGH 
SURFACE AND HIGH FRICT IONAL LOADS 


Relatively thick plates when deformed under 
boundary constraint will frequently spall at the 
surface remote from the impulsive loading or fail by 
fracture. This is due to the cumulative effect of the 
stresses arising from the impulsive wave and the 
tension stress occasioned by the bending. Fracture 
has also been shown to occur at the centre of the thick 
plate when subjected to the combined impulsive 
stresses from detonations adjacent to the opposite 
faces. In this case the impulsive waves produce 
brittle zones by their opposed compressive action; 
on rebounding to produce tensile loading, the 
impulses effect fracture. 


A general appreciation of the stress/time transients 
of the deformation is desirable. 
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Fig. 4. 


The term dynamic is applied to the stress/strain 
relationship to differentiate from the conditions where 
the stress and strain are uniform throughout the 
specimen. In explosive forming, which produces a 
dynamic stress/strain condition, the deformation is 
completed within 100 ys of which the elastic phase 
persists for about 25 us. During the elastic phase the 
limit of proportionality is extended to about 2} times 
its normal value and the subsequent yield to failure 
stress/strain curve follows a pattern where the stress 
values are approximately twice that encountered 
under static loading (Fig. 3 refers). Where static 
loading conditions are applied following dynamic 
loading, significantly greater elongation is encountered 
at the same stress levels when the results are compared 
to material previously subjected to equivalent 
straining in the plastic field under static load. Fig. 3 
shows these features. The particle velocity is constant 
in the elastic phase but varies and is considerably 
higher in the plastic phase. The strain rates for 
permanent deformation will therefore differ widely, 
the elastic phase being of the order of 10?/sec. and the 
plastic phase as previously stated 105/sec. A typical 
strain rate curve is shown at Fig. 4. The strain rates 
measured must necessarily be mean values and derived 
from determination of the particle velocity at the 
extremities of the specimen and expressed per unit 
length. The velocities in the three principal planes 
will vary and disturbances will be shown by the effect 
of reflected waves such as appears at X, giving a hump 
to the curve. 


Stress/time and strain/time recordings have been 
observed? by connection after amplification to the 
Y plates of a high speed oscilloscope, the time base 
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being obtained by varying the intensity of the spot 
beam by introducing a 100 kc/sec. or 1 Me/sec, 
frequency source to the grid. In effect the display will 
be a spot presentation in 10 ws or | ps spacing. 
As the modulus of a material does not change sig- 
nificantly with heat treatment, plastic incipiency is 
determined by comparing the test piece results with 
the same material at a higher tensile range. 


the practice of explosive forming 

ies 

Extensive use of single-piece dies is made. For 
small lots, these are rudimentary in construction and 
backed with a heavy mass of shock sustaining material 
such as Kirksite or Kayem alloy. Epoxy resin dies 
have been used successfully on account of the excellent 
recovery properties of the material. The larger 
cylindrical and conical components are usually formed 
to a cast matrix of Kirksite or epoxy resin, supported 
in a peripheral nodular cast iron constraining ring of 
some 8 in. thickness to maintain the radial com- 
pressive and peripheral tensile stresses within the 
elastic range, so as not to burst the die. In some 
instances, preformed specimens are used to reduce the 
risk of bursting where unsupported by the die, 
although this defeats the objective, which is to avoid 
interstage drawing and annealing operations. 


explosives and actuators 


Various means of applying the load have been 
examined. Initially, experiments were conducted by 
utilising the impacting effect of high velocity high 
pressure air. The American Dynapak is reported to 
deliver 40,000 ft./Ib. of energy at 200 ft. per second 
per discharge. The discharge of high voltage and 
high capacity condenser banks to generate a pressure 
wave by dissociation of an electrolyte offered the 
means of applying a repetitive compacting force®. It 
is perhaps the nearest approach to the art of forming 
hollow ware by Dyzacking; an _ old-established 
Sheffield art. 

A variation of this process is to bring about the 
fusing of a metallic shorting wire which is reported to 
produce 18,000 ft./lb. of energy at 300 p.s.i.°. 

There are two categories of explosives; HE which 
is detonated and decomposes at about 20 x 10+ 
in./sec., and propellants which burn at 5 x 10% 
in./sec. HE detonates independently of pressure whilst 
propellants are pressure sensitive. ‘The explosive 
charges are employed according to the size of the 
project and ease of handling. The larger charges 
require much more experience to handle and are at 
present beyond industrial application. Research 
requiring the use of charges up to 4 lb. is being put in 
hand by A.R.D.E. at Fort Halstead. Those experi- 
ments requiring the use of smaller charges, usually 
10-70 grammes, are being conducted in this country 
by using I.C.I. Cordtex which is stable, although it 
should be handled with proper safeguards. It provides 
the means of conducting full scale experiments in the 
gauges of sheet materials commonly used in the 
aircraft industry. It can be cut to length and formed 
to any contour and is fired by use of a detonator wired 
to an exploder; usually a hand winding generator. 
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RESULTS OF MECHANICAL TESTS ON FV.520, 
EXPLOSIVELY FORMED. 
(Extracts, D. Napier & Sons.) 





Tensile Tests 
Specimen (1) TSI Yd. TSI Ult.  Elong. % 
Station B 60 64:5 15 
Cc 62-2 67-8 16 
eS 60 64:5 10-5 
Specimen (2) 
Station B 62-6 64-9 
60:1 64-5 
60-1 64-2 
Station F includes the seam (fusion) weld. 


” 


Bend Reversals. Mat]. = 0-048’. R =9mm =7T 
approx. 
Bends to Failure 
Axial 18 
Transverse 32 
Axial 26 
Transverse 14 


Specimen (1) 


Specimen (2) 


Note on Bend Test 


Specimen (1) was formed with preferential flow 
across the specimen. No. (2) had axial direction 
corresponding with grain flow. Both specimens 
formed equally successfully; both have acceptable 
bend results. 





Fig. 5. 


assembly 

The method generally employed involves a sup- 
porting of the sheet material adjacent to the die, and 
where flat stock is being formed it is desirable to apply 
an appropriate draw-plate pressure as in deep drawing. 
Effective sealing is required where vacuum is to be 
used and practice has shown that this is needed 
invariably for lighter gauges than 18 SWG to avoid 
localised deforming by entrapped air. The charge, 
with detonator taped to it, is suspended centrally to 
the workpiece by the detonating leads. Where water 
is employed as the shock transmitting medium, use is 
made of a polythene envelope or bag to avoid com- 
plicated sealing against its ingress. The charge can 
be immersed freely in the water within the polythene 
container although it is considered desirable to tape 
the ends against damping. Various methods have 
been tried in an effort to control the direction and 
application of the impulsive force and some are 
illustrated in Figs. 6, 7 and 8. 

Shaped polystyrene water containers giving closer 
conformation to open dies are suggested. A lot has 
yet to be learned in preventing the movement of 
components during the preforming stage when 
subjected to vibrating effect and resultant thrust of 
the explosion. For example, large thin walled cone 
rings tend to swage downwards and create a flange 
section unless the explosive wave is directed to act 
radially. 


The vacuum equipment employed is operated at 
about 3 mm. Hg., i.e., sufficient to remove com- 
pression of entrapped air. Sealing is effected by 
plasticene and the usual techniques applied with 
flat vacuum chucks. 


com ponents 


Desirably hollow ware should be worked into a 
preformed shape by drawing or forming by orthodox 
processes prior to explosive forming’. Tubular 
components should be rolled and seam welded to 
dimensions which allow explosive forming to final 
size and shape within the acceptable strain values. 
Heat treatable steels require forming in the annealed 
condition followed by hardening and precipitation 
after which a final sizing operation should be per- 
formed to remove deformation due to heating. 
Precipitation has been effected after forming with no 
departure from dimension and the final sizing oper- 
ation is a matter of discretion and know-how. 


survey of work in Great Britain 


A fundamentally new technique will naturally 
receive a cautious approach unless practical or 


Fig. 6. Sole-piate. 
Purpose of Test: to produce a sole-plate from a flat blank. 
Component Material: 18 SWG S/CNT. 
Die Material: Kayem Alloy. 
Result of Test: Form of the actual sole-plate was satisfactory. 
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Fig. 8 (right, upper and lower). Panel. 

Purpose of Test: to produce a panel from a 
shaped blank. 

Component Material: 22 SWG N.75. 

Die Material: Kirksite. 

Result of Test: Puckers form at one end. 
Pre.form should improve. 


Fig. 7 (left). Flanged conical section. 
Purpose of Test: to produce a flanged section from a rolled 
and welded cylinder. 
Component Material: 18 SWG S/CNT. 
Die Material: Mild Steel. 
Result of Test: Encouraging, but further development needed 
to produce the part within drawing limitations. 
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Fig. 9(i). Sheet not explosively formed — fully heat treated. 


financial advantages are immediately apparent. The 
existing methods of metal forming are flexible and the 
background of experience is extensive. It was to be 
expected, therefore, that the work undertaken with 
this new tool would retail its research flavour for 
some time. 


Preliminary work has, however, been undertaken 
by a number of organisations, among which Rolls- 
Royce, Napier, I.C.I., de Havilland, Lucas (Burnley) 
and the Production Engineering Research Association 
are numbered. The College of Aeronautics’ have 
carried out preliminary experiments to determine for 
light alloy, stainless steel and titanium, the parameters 
introduced by charge shape and size, stand-off 


distance and effective hydrostatic head, below and 
above the charge. Springback and bend radii have 
been investigated. This work warrants reference on 
account of the comprehensive survey of published 
material it contains. 


As well as giving advice on construction of equip- 
ment and safety precautions, A.R.D.E. have con- 
cerned themselves primarily with the forming of 
hemispherical and tubular shapes in order to deter- 
mine the effect of all variables, approaching the 
subject as a fundamental study in physical metallurgy. 
It is the object, however, to produce a_ practical 
process which can be employed towards the forming 
of products of differing geometry and the results of 
their investigations will be published in due course. 
Ultimately, full-scale explosive forming will be 
established at an R.O.F. as an industrial process. 


Although there is as yet no substantial background 
of information, the results of the investigations by 
industry on specimens submitted to metallurgical 
test are encouraging. The materials examined 
include FV.520, N75 and titanium alloys. Micro 
examinations have shown no weld deterioration after 
forming, although before accepting this as an estab- 
lished fact it would be desirable to pulsate test to 
expose any tendency towards micro-cracking. A 
closely uniform reduction in material thickness is 
observed, and those specimens which have been split 
axially have maintained their shape thereby revealing 
little residual stress so that piercing or other operations 
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Fig. 9(ii). The same sheet explosively formed and fully heat 
treated. 
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Fig. 10. Component fabricated in 14 SWG Fortiweld 

material, and formed by three shots, the first shot using 

38.1 gr. Cordtex (12 ft. length); second and third shots using 
63.5 gr. Cordtex (20 ft. length). 





Fig. 11. Component formed by two shots, the first shot using 
38.1 gr. Cordtex (12 ft. length) and the second shot using 
25.4 gr. Cordtex (8 ft. length). 


could follow as a production sequence to explosive 
forming. 


F.V.520 tests 


Sub-zero treatment at —65°C followed by heating 
at 750°C has produced no deformation. Bend and 
tensile testing of test coupons showed acceptable 
uniformity and good elongation; the typical values 
are quoted in Fig. 5. It will be noted that the mechan- 
ism of diffuse slip has improved the strength of the 
metal in the direction of the applied maximum strain, 
that is peripherally, and this persists irrespective of 
the direction of sheet rolling, which is most reassuring. 


Micrographic examination of the FV.520 specimens 
(by Messrs. D. Napier Ltd., Acton) at higher magni- 
fication showed a pronounced heavy banding; light 
banding indicating primary martensite and darker 
bands, tempered martensite. This was to be expected 
from adiabatic straining of a precipitation hardening 
steel. Little or no difference in DPN values existed 
between the areas examined. Photo micrographs, Figs. 
9(i), 9(ii) and 9(iii) illustrate the martensitic banding 
on fully heat-treated material. 


Specimens of work produced by multi-charges sub- 
mitted by Messrs. Rolls-Royce (Figs. 10, 11 and 12) 
and the accompanying results of the physical tests 
(Fig. 13) relate to Fortiweld and N.75 material. The 
tests on Fortiweld show no significant difference in 
mechanical properties after forming, although the 
U.T.S. and 2% proof for the specimen (Fig. 11) 
tends to be slightly higher. Low temperature pre- 
annealing is recommended. Nimonic 75 exhibits 
stress hardening tendencies and post-annealing is 
recommended. 
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Fig. 12. Component formed by a single shot, using 25.4 gr. 
Cordtex (8 ft. length) and vacuum equipment. 


costs and development 


Cordtex is obtainable in 500 ft. rolls, each roll 
containing 3} lb. of explosive charge. A | ft. length 
thus contains a fraction over 3 grammes of explosive 
and costs 14d. It is coiled in the same manner and 
has the same general appearance as household 
electric wiring. 


The detonator is housed in a copper cylinder some 
2in. X }in. diameter and supplied wired with 6 ft. 
of PVC covered lead for attaching to a permanent 
electric cable. Each detonator costs 54d. 


A single detonator and 10 ft. of Cordtex is employed 
to explosively form an average ring some 2 ft. in 
diameter x | ft. height. Quantities employed are 
varied according to the component dimension, the 
peak pressure from the charge in relation to the 
stand-off distance R being given as W®/R. 


Exploding in polythene sheeting where water is 
employed will add to the cost; possibly doubling the 
value. An average component will therefore involve 
material costs between ls. 6d. to 3s. to form. 
Production rate would be between 2 and 4 per hour. 


It is obvious, therefore, that unless attractive 
metallurgical gains can be realised the future 
development will concern those components outside 
the capacity of available presses, or where com- 
plexity will demand high capital expenditure in 





RESULTS OF PHYSICAL TESTS CARRIED OUT ON COMPONENTS SUBMITTED FOR TESTING 
AFTER BEING FORMED BY THE EXPLOSIVE FORMING PROCESS. 


BEARING HOUSING: 


Specimen Fig. 10 


Material 14 S.W.G. Fortiweld 





Condition 


U.T.S. 
Tons/sq. in. 


0-2°, PS 
Tons/sq. in. 


% El. on 2” 
Gauge Length 


0.2°,, PS Ratio 
U.T.S. 
Component Sheet 


Hardness 
VPN./10 Kg. 
Surface Core 





As formed 


41-7 


36-0 


16-0 


0-85 


184—221 


266—289 





As formed 


43-5 


37-7 


14-0 


0-81 





As formed 
+680°C. x 30 mins. 


42-7 


38-2 


18-0 


0-89 


243—265 





As formed 
+680°C. x 30 mins. 


41-8 


37-8 


17-0 


0-90 





As formed 
+960°C., x5 mins. 
+680°C. x 30 mins. 


205—222 





As formed 
+960°C. x5 mins. 
+680°C. x 30 mins. 
































BEARING HOUSING: 


Specimen Fig. 11 


Material 16 S.W.G. Fortiweld 





Condition 


U.T.S. 
Tons/sq. in. 


0-2%PS 


Tons/sq. in. 


% El. on 2” 
Gauge Length 


0-2% PS Ratio 
U.T.S 


Component Sheet 


Hardness 
VPN./10 Kg. 
Surface Core 





As formed 46-3 43-3 10-0 0-93 


0-96 


230—245 | 276—299 





As formed 45-3 11-5 





As formed 


+680°C. x 30 mins. 44-8 41-7 14-5 0-93 





As formed 


+680°C. x 30 mins. 44-2 39-9 0-90 





As formed 
+960°C. x 5mins. 


680°C. x 30 mins. 


44-2 
41-3 


40-2 205—222 



































FLAME TUBE WIGGLE STRIP: Material N 75 


NOTE:—The configuration of this component made it impossible to carry out tensile tests. 
Specimen Fig. 12 





Hardness 
VPN. 10/Kg. 
Surface Core 


321—332 | 296—330 


Condition 





As formed 





As formed+ 1050°C. in Conveyor 


furnace at Ift./min. 223—230 | 219—225 

















Fig. 13. 


acquiring hydroforming equipment. The possible 
gains, however, indicate the dispensing of inter-stage 
annealing, simplifying of weldment constructions, 
and improving the weld area, improving ductility and 
raising the ultimate yield strength of the metal. 

These advantages will undoubtedly be explored in 
the manipulation of the new and difficult to form 
materials. 
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APPENDIX 


An analysis of impulsive load applied to metal 
deformation in the elastic phase was carried out by 
Thomas Young in 1807. His work established the 
relation between elastic strain and the velocity of 
impact, expressed as 

v = Ce 
Young observed that where v exceeded a critical 
value, plastic strain i.e. permanent deformation will 
occur. 

With simplifications relating to lateral contraction 
of a uniaxially loaded specimen, kinetic effect of 
strain rate, hysteresis on load reversal, the unit 
elongation of a material under a total displacement 
u corresponding to a displacement stress o is con- 
sidered : 


=E 6u using Young’s modulus 
5x 


Fig. 1. Considering the two sections ab, ab;, the 
difference of stress arising at the two faces 
Su 82u.dx ‘bu 
we E(t) —# lg) 
do, Pu ...(1) 
bx . 8x2 


And the equation of motion of the element for a 
particle displacement at velocity v:— 
i en “snip 
bx BR Bx? 

In the elastic phase, (Fig. 2) E = o/e ; beyond the 
yield point however the plastic modulus is given by 
5a/5¢ and the modulus will vary with strain variation. 
The elastic and plastic phases are satisfied however 
by the general derivative where M is a modulus 
elastic or plastic :— 

M =e ...(3) 
de 


UNIT 
EXTENSION AT 


SURFACE a b 


«= (5) 


EXTENSION AT 


SURFACE al b; 
du =) 


ematts G r 8x2 
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Fig. 2. 





From Equation (2) we obtain 
fu — M Bu 
dt? p 5x2 

by employing C = = 

- .. OMe 52u .--(4) 
ok on OO ee 

and substituting 32 C 52 

This expression is regarded as the general equation of 

motion of the element. C is the value of the impulsive 

wave and is dependent on the modulus M of the 

material, density p. 

The relationship between stress, strain and particle 
velocity being determined a solution according to the 
parameters can be obtained 
By writin a v= > 

alec: a aa 


2 2. 
and differentiating > wb = = se bad osa(9) 


Equation (4) can be written 
de ..-(6) 
5v/5t = C2 — 
.--(7) 


bx 
and Se/5t = 5v/5x 
from Equation (7) we can write where v, = 


x=] 
x=0 


particle velocity at the face where x = 0, €= B 


and l=" ] = 
The mean strain rate thus equals the difference 
in particle velocity divided by the dimension separ- 
ating the faces. Strain is —ve, being a compression 
wave, and v; < v4 
By employing Equation (6) and multiplying by the 
equal terms of Equation (5) 
du bu C2be be 
dx" dt = dx” St 
hence 


and 


A. where the deformation is elastic 


M = E and » =</F 
p 

The Hooke’s line determines o = Ee and thus for 
an incompressible material where p is constant and 
the stress/strain relation constant 

o = Ee = pu, 

C, is thus the velocity of propagation of the elastic 
wave and is constant. 

From Equation (8) with constant C, v is seen to be 
proportional to the applied strain, confirming 
Youngs criteria v = Cze 


B. where the deformation relates to the 
plastic field 

the modulus M = $0/5¢japplies and the plastic wave 
C = 8x/5t from Equation (8) and (5) 


Employing Equation (8) and substituting: 
d0 = Cde 
da = Mie = M 


[80 = Sp Cd 
wae ace] A 


Lt 
and dependent on the parameters of u, x and ¢ for 
the values of C and 2. 

The stress reaches a maximum behind the plastic 
wave where the total engineering strain ¢, plastic plus 
elastic occurs and the particle velocity is greatest. 

If the total strain ¢ is a constant the value of the 
flow stress will be a constant. Bending of the material 
will however introduce strain and stress variation at 
the laminates according to the remoteness from the 
neutral axis. In particular Se will increase rapidly as 
the stress wave approaches the face remote from the 
impact and 0/5e approaches zero. 


dv C*pd0 
o..-« 


Integrating 


oe] 
L— NA 


COMPRESSION 


sio8 
7 | 
Ya | 





ZONE OF 
N/AXIS 


Note: For material under plastic strain the neutral 
axis is displaced according to the lateral stresses 
imposed. 

Hence 2; approaches a maximum in Equation 
(9) with low values of 50/5¢ according to the position on 
the dynamic stress strain curve relevant to the section. 

At the section where failure will occur. 

€ = €max 
v> | CSe 
e=0 

i.e. where v produces a total strain, plastic plus elastic 
at any section of the material such that the maximum 
permissible strain determined by the dynamic 
stress/strain relationship is exceeded, incipient failure 
will be introduced. The maximum permissible total 
strain will correspond to the ultimate strength of the 
material at the strain rate applied. 

Moreover, as in relation to the neutral axis, the 
mutually perpendicular plastic strains egeg at the 
outer face, a,b; of a free forming specimen are 
together greater than those of the inner face ab, under 
conditions of bending, this can only be achieved by 
the existence of a particle velocity vg of opposite sense 
emanating at a,b; equal to the rate of thinning. 

The maximum relative particle velocity will 
therefore be increased to v; + v2 and failure will be 
precipitated at the region of greatest strain, i.e. at 
the centre of the domed portion. 
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QUALITY IN THE 


MASS PRODUCTION FIELD 


by E. SUMMERSCALES, B.Sc., A.M.I.Mech.E. 


Chief Quality Engineer, Joseph Lucas (Electrical) Ltd. 


Member, Control of Quality Sub-Committee 


RODUCTION engineering stands as the inter- 

mediary between the design, with its basis of 
intended quality, and the realisation of the intention. 
In no case is this more apparent than in mass or 
flow production. 

Whatever care is put into the design in terms of 
material and conception, it will only be worthwhile 
if production engineers are able to meet the designers’ 
demands and satisfy the specification requirements. 
It is conceivable that first-class production engineering 
applied to an achievable design would largely remove 
the necessity for the human inspection function. This 
might be considered idealistic, but it is a goal towards 
which the mass production engineering industry 
must strive. One need only consider how much that 
would reduce the product cost and increase customer 
satisfaction to appreciate that the topic of this article 
is a very vital one. 

Somehow the gulf between the designer and the 
production engineer has to be bridged. In these days 
of specialisation one cannot expect to find engineers 
who conceive designs and then plan those designs into 
production. This type of activity started the British 
engineering industry on its pioneering road, and 
might still hold in the smaller engineering firms. 
However, the general rule is that the design and 
production functions have become remote from each 
other to the detriment of engineering in its wider 
sense. 

The function of quality engineering can help to 
bridge the gap. Because of confusion of terms, it 
might be as well to outline the task of the quality 
engineer. Having regard to ultimate quality of per- 
formance, i.e., that of the product in use, the quality 
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engineer can work back through the production cycle 
to the designer, if necessary. He can sort out customer 
complaints into categories; he can give weighting to 
those categories (e.g., safety, cost of replacement) and 
present a reasoned case for action; he can assess the 
capabilities of the production engineering equipment 
and relate them to the design demands; he can 
institute inspection systems and improve inspection 
techniques wherever necessary. 


use of statistical methods 

To do these things, the quality engineer will use 
statistical methods as one of his tools, and, at this 
point, it is worthwhile trying to interest production 
engineers in these concepts. Statistical techniques have 
been largely left as the province of the quality control 
or reliability engineer, either to be used as an inspec- 
tion tool, or as a means of sorting out deficiencies 
revealed in the usage of the end-product. There is 
no reason why production engineers should leave 
statistics to others and, in fact, modern training of 
production engineers does include statistics. It might 
be hard to imagine running mass production without 
using the quality engineer, but it has to be realised 
that the carry-through nature of his efforts is simply 
a means of bridging gaps left between other functions, 
either through lack of liaison and communication, or 
through lack of specific knowledge. The quality 
engineer is no superman; he simply has a niche in 
the production /customer cycle. 

Perhaps some simple concepts of the statistical way 
of looking at the design/production engineering 
relationship will persuade production engineers that 
there is something of benefit to be derived. 
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If designers ask for achievement beyond the 
capabilities of the manufacturing equipment which 
is available, only three possibilities emerge. They are : 


(a) that the designer revises his demands to a level 
where the manufacturing equipment will satisfy 
them; 


(b) that the production process be refined to satisfy 
the designers’ demands; 


(c) that costly and uncertain sorting out (usually 
called “ inspection ”’) will have to be undertaken. 


One is forced to concede that the designer has to 
maintain certain demands to ensure the satisfactory 
functioning of the product. But how often is this done 
in ignorance, and courses (b) and (c) above have to 
be adopted? Both these alternatives are going to 
attract costs to the product either in short-term 
operating inefficiency and long-term product failure, 
or the investment in better capital equipment, if 
indeed, such equipment is available. If one is going 
to accept autocracy from either the designer or the 
production engineer, then trouble lies ahead. On the 
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first hand possibility (c) operates, and on the other, 
the designer is going to be inhibited in his intentions 
and product development will inevitably suffer. That 
is a very dangerous state for an engineering enterprise 
to be in. 

The three states can be shown on a simple basis of 
graphic statistics using the conception of process 
spread. Many engineering processes will be found to 
follow the pattern of Fig. 1. If the design require- 
ments happen to lie outside the spread of the process, 
all the product is readily acceptable and only 
accidental deviations need be catered for. This state 
is shown in Fig. 2 and represents course (a) previously 
mentioned, i.e., either the designer selected the right 
tolerance spread in the first place or he has revised his 
demands. 

If the course (b) has to be followed, i.e., the process 
has to be refined, this situation can be represented in 
Fig. 3. Production engineers will readily appreciate 
that there is capital cost in this corrective action, if 
it is possible at all. 

The worst of all worlds, the “ inspection ” outlook, 
is shown in Fig. 4 and represents course (c). This 
simplification assumes that even if the spread is 
incorrect, at least the mean is all right. However, 
consider the implications of Fig. 5, where not only 
is the spread excessive, but the mean is wrong. If one 
realises that this further complication can apply to all 
the previous illustrations, then the situation becomes 
so much worse. 

From the foregoing, it is clear that production 
engineers must have the capabilities of their plant 
constantly in mind. Existing plant must be studied 
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and a procedure developed for specifying the quality 
characteristics of new plant. The quest for quality 
should be supported by the machine tool industry 
with statements of the accuracy of machines being 
offered. Production engineers should insist that such 
statements are given and should enlist the aid of the 
quality engineer in checking their accuracy. 

On the other hand, when the production engineer 
is ordering special-purpose machinery (as he often is 
in high quantity production) he should ask the 
machine tool maker to form his assessment of the 
fallibility remaining in the machine and to provide 
facilities for controlling the fallibility either on the 


machine itself, or at control stations immediately after 
the machine. 


Although what has been said up to now about 
process capability is quite general, production 
engineers will probably have been thinking of com- 
ponent production and not assembly. As yet, assembly 
is mainly carried out by humans with their remark- 
able co-ordination between hand and eye. As we all 
know — and any quality engineer will doubly know 
—if there is any choice left in the assembly process, 
incorrect assemblies will be produced ultimately, 
simply as a result of human fallibility, even if a 
high degree of conscientiousness exists in the person 
doing the assembling. This is another field where 
designers and production engineers can be brought 
together to develop components which give foolproof 
assembly, either by virtue of handing in the com- 
ponents themselves, or in the assembly fixtures being 
contrived to refuse wrong assemblies. The quality 
engineer will have ample evidence of assembly short- 
comings once production has started, but he can make 
his contribution in the process planning stage and 
use his experience to avoid subsequent pitfalls. 

Even if incorrect assemblies can be rectified, the 
activity costs money and is potentially dangerous from 
a quality standpoint. If production engineers are 
already thinking on these lines, so much the better. 

It is hoped that these few notes will have increased 
the quality-consciousness of production engineers and 
impressed upon them the vital role they have to 
play in the search for quality in mass production. 
In the writer's experience, a well-contrived pro- 
ductivity is the friend of high quality. Quality and 
quantity, far from conflicting, go hand in hand. 

A final thought: no amount of looking at an 
article ever made it change from bad to good. 
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B.S. 162: 1961 Electric power switchgear and associated 
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5 drawings. 3s. 0d. 
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tested hydraulically). 2s. 6d. 
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B.S, 2L 100: 1961 Inspection and testing procedure for air- 
craft material. Aluminium and aluminium alloys. 
25s. Od. 
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Papers and matters of interest to production 


engineers are invited. 
Communications should be addressed to: 


The Editor, 
“The Production Engineer,” 
10 Chesterfield Street, 
Mayfair, London, W.1. 





news of members 


Mr. E. R. Adams, O.B.E., Member, has resigned his 
appointment as Director of Operations (T) of the 
Northern Region Development Corporation, Kachma, 
Northern Nigeria, and has taken up an appointment 
as Works and Production Manager of John Sakmow, 
Dunmow, Essex. 


Mr. S. A. Clodd, Member, formerly Works Manager 
and Executive Director, has been appointed to the 
Board of Directors of E. K. Cole Ltd. Mr. Clodd 
joined Ekco during the War as Material Controller. 
He was appointed Works Manager in 1950 and 
became an Executive Director in 1957. 


Mr. P. G. H. Jeffrey, Member, Superintendent at 
Crayford Works of Vickers-Armstrongs (Engineers) 
Ltd., has now been appointed a Director and General 
Manager of Vickers-Armstrongs (Onions) Ltd., 
Bilston, Staffs. Mr. Jeffrey is Chairman of the London 
Section. 


Mr. A. D. Lidderdale, Member, has been appointed 
General Manager of the newly formed Company of 
Leybold-Elliott Ltd., Borehamwood, Hertfordshire. 


Mr. H. Mason, Member, has been appointed Works 
Manager of J. S. Forster & Co. Ltd., Tipton, South 
Staffs. He was previously Works Manager of Francis 
Morton & Co. Ltd., of Liverpool, who have recently 
gone into voluntary liquidation. Mr. Mason had been 
with the Company for 43 years. He is Chairman of 
the North-West Region and Secretary of the 
Liverpool Section of the Institution. 


Mr. J. G. Noble, Member, Chief Engineer of Snow 
& Co. Ltd., Sheffield, has been appointed a Special 
Director of the Company, and will officially be the 
Company’s Works Director. Mr. Noble is a Corres- 
ponding Member of the Papers Committee. 


Mr. R. A. Sibley, Member, has recently taken over 
as Managing Director of the Cardale Engineering 
Co. Ltd. and its subsidiary, the Newcome Sheet Metal 
Co. Ltd. For the past 14 years, Mr. Sibley has been 
with the Britannia Engineering Co., and remains a 
Director of Grymak Ltd., proprietors of Britannia. 
Mr. Sibley will still be available to Grymak in a con- 
sultative capacity, although he will no longer hold 
his former executive position as Technical Director. 
On taking up his new position with Cardale he 
relinquished his Directorship of the Three Star Group 
of companies which, like Britannia, now form part of 
Arusha Industries Ltd. Mr. Sibley was a founder 
member of the Luton Graduate Section, and was its 
first Chairman. 
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Mr. J. W. E. Walton, 
Member, for the past two 
years General Manager of 
the Rover Company Manu- 
facturing Group of Factor- 
ies, has recently been 
appointed Executive Direc- 
tor (Production — Tyseley). 
Formerly with the Austin 
Motor Co. Ltd. for 17 years, 
Mr. Walton joined the 
Rover. Company in 1938. 


Mr. J. Berryman, Associate Member, has accepted an 
appointment as Engineer I with the United Kingdom 
Atomic Energy Authority, Risley. 


Mr. R. S. Clark, Associate Member, is now Manu- 
facturing Manager, Instrumentation Division, Asso- 
ciated Electrical Industries (Manchester) Ltd., Man- 
chester. Mr. Clark is a past Hon. Secretary of the 
Manchester Section, and a serving Member of 
Council. 


Mr. H. C. Cleaver, Associate Member, has been 
appointed Head of the Department of Engineering 
and Building at Halesowen College of Further Educa- 
tion, Worcestershire. 


Mr. E. N. Corlett, B.Sc., Associate Member, of the 
Department of EngineeringProduction, University of 
Birmingham, has recently obtained his Doctorate. 


Mr. E. W. Dixon, Associate Member, has recently 
been appointed Assistant Works Manager at the 
Greenock factory of I.B.M. Ltd. He joined I.B.M. 
at Greenock in February, 1959, as a Production 
Executive. 


Mr. W. S. French, Associate Member, is now 
Draughtsman Instructional Officer to the Govern- 
ment Training Centre, Waddon, Croydon. 


Mr. Frank Higham, Asso- 
ciate Member, has _ been 
promoted to the position of 
Vice-President of the Viking 
Copper Tube Co., Cleve- 
land, Ohio. He was formerly 
Director of Manufacturing. 


Mr. D. W. Howe, Associate Member, has been 
appointed Northern Area Manager, Engineering 
Division, of Fletcher Miller Ltd., Hyde, Cheshire. 





Mr. G. D. Jordan, Associate Member, of the United 
Steel Companies Ltd., has been elected President of 
The Institution of Plant Engineers for 1961 - 1962. 


Mr. A. J. Jones, Associate Member, has recently 
relinquished his position as Leading Draughtsman at 
the Royal Aircraft Establishment, Farnborough, and 
has taken up an appointment as an Assistant Engineer 
with the Central Electricity Generating Board, 
London. 
7 

Mr. G. Kenyon, Associate Member, has been pro- 
moted from Engineer I in the Directorate of Guided 
Weapons Production, to Assistant Director in the 
Directorate of Technical Costings, Ministry of 
Aviation. 


Mr. John A. Land, Asso- 
ciate Member, has _ been 
appointed a __ Divisional 
Director of the Export 
Division of Rootes Ltd. He 
will retain his position as 
Manager of the Export 
Technical Department. 


Mr. G. B. Rhind, Associate Member, has relin- 
quished his position as Chief Production Engineer at 
British Acheson Electrodes Ltd., and has been 
appointed Assistant General Manager at the Lumbys 
Division of Crane Ltd. 


Mr. S. H. Schofield, Associate Member, has recently 
been presented with a gold watch on completing 25 
years’ service with S. Smith & Son (England) Ltd. 
He is Works Manager of the Cricklewood factory. 


Mr. D. Townsend, Associate Member, has recently 
relinquished his appointment with Messrs. Spear & 
Jackson Ltd., to take up the appointment of Works 
Manager at Sheffield Forge & Rolling Mills Co. Ltd., 
Sheffield. 


Mr. A. Waller, Associate Member, has now taken up 
the position of General Manager of Irving Engineer- 
Co. Ltd., Woodchester, near Stroud. 


Mr. E. Willcox, Associate Member, Works Manager 
of Ellis, Son & Paramore Ltd., Sheffield, has been 
appointed a Director of the Company. Mr. Willcox 
is a Corresponding-Member of the Papers Committee. 


Mr. B. K. Balhetchet, Graduate, has relinquished his 
position with Folland Aircraft Ltd., and has taken up 
an appointment as a Research Engineer with PERA. 


Mr. A. R. Buckley, Graduate, has taken up an 
appointment as Lecturer in Mechanical Engineering 
at The College of Technology, Stafford. 


Mr. B. E. Jackson, Graduate, has taken up a 
position as an Associate Tool Engineer in the Pro- 
duction Engineering Department of the Transport 
Division of Boeing Airplane Co., Renton, Washington. 


Mr. W. Pearson, Graduate, is now a Senior Jig and 
Tool Designer with Rolls-Royce Ltd., Derby. 


Mr. K. Snowball, Graduate, is now Chief Designer for 
The Kerry Group Manufacturing Division, Design 
and Development Section, Wakefield, Yorks. 


Mr. H. Wood, Graduate, has been appointed Work 
Study Engineer and Employment Officer, of British 
Ropes Ltd., Cleckheaton. 





OBITUARY 


MR. A. T. H. DAVEY 


The Council of the Institution deeply regrets to record the death in January 


last of Mr. A. T. H. Davey, a founder member and the first Hon. Secretary of 
the Institution. Although he was no longer a member, he had a wide circle of 
friends in the production engineering field, and his work in the early days of the 
— undoubtedly contributed in no small measure to its successful development 
today. 

___ Mr. Davey’s career had been spent with a number of well-known companies, 
including The Plessey Company at Swindon; Newman Industries, Yate; David Brown 
& Sons Ltd., of Huddersfield; Boulton Paul Ltd., Wolverhampton; Harland 
Engineering Ltd., Alloa; and Rotherham Ltd., of Coventry. At the time of his death 
he was Chief Production Engineer of The Projectile and Engineering Co. Ltd., at 
Wandsworth. 


When he undertook the Secretaryship of the Institution, he was also Editor 
of the periodical Automobile Engineering. 





MR. ALFRED WAKEMAN, B.Sc., M.I.Mech.E., M.I.Prod.E. 


The sudden death last year of Mr. Alfred Wakeman evoked widespread regret 
in engineering circles not only in Cornwall, but throughout the country. 


He was born and resided in Burnley, Lancashire, until he moved to Camborne 
in 1937, to join the staff of the Camborne Technical School. Since then he lived for 
his work and was to see the development of the School into the Cornwall Technical 
College; with its subsequent growth he became Head of the Engineering Department. 
Under his guidance the Department developed beyond imagination and to accommo- 
date this expansion the Alder Engineering School was opened in September, 1960. 
Mr. Wakeman’s death so soon after the opening of the new Engineering Buildings 
was indeed a tragedy. 





He obtained an honours degree in Mechanical Engineering at Manchester 
University, was a life member of the Osborne Reynolds Engineering Society, and 
a full member of both The Institution of Production Engineers and The Institution of Mechanical Engineers. 


The number of engineers who owe their early start in life to Alfred Wakeman is beyond count and they 
will be saddened to think that his experience, advice and kindness are no longer available. He will be 
remembered as an excellent teacher, capable administrator and a lovable colleague. It is a lasting tribute to him 
that so much was achieved. 


F.G.H. 
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(Editorial) (Research and Technical) (Papers) (Library) (Education) (Standards) (Membership) 


Elected Members 


.B. Bevan C.T.Butler R.S.Clark C.E. Darlington Prof.N.A.Dudley B.H.Dyson J.France  P.G.H. Jeffrey 
.Leakey S.G.E.Nash J.G.Noble P.J.Shipton J. Silver L.P.Simpson J.W.H.Smith H. Unsworth J. H. Winskill 
G. A. J. Witton 


Chairmen of Sections outside the United Kingdom where Councils are not established 


Canada New Zealand 
S. Carroll J. C. Fantham 





Overseas Councils 


AUSTRALIA 
President 
I. M. McLennan, C.B.E. 


Chairman 
N. L. Eaton 


Past Presidents 
W. Gwinnett, J. N. Kirby 


Immediate Past President 


J. M. Steer 


Vice-Chairman 


R. W. Deutsher 


Honorary Treasurer 


K. G. Slorach 


Honorary Secretary 


J. M. Steer 


Delegates 


H. J. Baker 
R. Harris 


H. A. Colton 
A. G. Jones 


B. H. Coombes 
A. E. Newcombe A. Pead 


C. S. Curtis 
F. W. Penny 


C. A. Gladman 
L. W. Worthington 


S. Downie 
C. Pullen 


E. J. W. Herbert 
K. H. Shute 


INDIA 


President 
S. L. Kirloskar 


Chairman 


T.R. Gupta 


Vice-Chairman 


A. Miller 


Vice-President 
Harjinder Singh 
Honorary Treasurer 


H. N. Ghosal 


Honorary Secretary 
P. J. O’Leary 


Section Representatives 


P. Bhattacharji N.G. Chakravarty 
W. P. Karnick G.L. Lewis R.A. 


S. R. Chatterjee 


C. H.DeSousa 
P. Misra R.D. Mistry C.R. Pal 
B. M.Sen_ P. V. Shah 


B. F. Goodchild 
J V. Patel 
S. J. Shahany 


N.N.SenGupta C.K. Halder 
R.N.Rai J. W.L. Russell J. W. H. Scaife 


SOUTH AFRICA 


President 


G. G. Tardrew 


Ist Vice-President 
E. H. Dallas 


2nd Vice-President 
D. A. Petrie 


Past Presidents 


A.B. Anderson’ R. H. Arbuckle z HL: re D. N.S. Clare 
T.H. Hunter D. Lion-Cachet 


W.G. Gillespie H.J.G.Goyns D.E.Hamm J. Henry 


C.J. Mogford J. Renwick 


Elected Members 


R.W.Chapple  G.T.Chawner P.C Ellett 


D. A. Horton 
mY 


Young 


M. McKenzie Hunter’ G. K. Melvill G. M. Tompkins 





SECTION CHAIRMEN 


Be NIAID. x cacagavavnisaasnnessmoprwensunsnkeessemnsasemeoast Adelaide 
R. L. Kapoor Bangalore 
J. Silver Birmingham 
A. Miller Bombay 
N. N. Sen Gupta Calcutta 
S. Carroll 


F. B. Coombes 
A. S. Dick 
H. L. Barman 
J. Baker Doncaster 
5. MN. Dundee 
xR. G Edinburgh 
H. W. Townsend Glasgow 
De ee Tee Gloucester 
R. W. Asquith Halifax & Huddersfield 
L. L. Bott Ipswich & Colchester 
CG. di. ri Leeds 
J. H. Devonald Leicester 
R. Preston Lincoln 
H. O. Pate ; Liverpool 
Ae A OY os iskccsaseescacasabedessentossonedsansoten’ London 
G. Kelly Luton 
< Manchester 


R. W. Deutsher Melbourne 
De Aa PR MNNEEMMMND A 568 ic sions cto huleasesinaibe ee ieene ee New Zealand 
CS, 25 APRON i cies pusssasisarecansewnees Newcastle upon Tyne 
E. W. Huggins Northern Ireland 
W. A. Pitt Norwich 
C. H. Hodgkins Nottingham 
C. L. Field Oxford 
L. P. Simpson Peterborough 
H. A. Kench Preston 
L. J. Service . Reading 
R. Bradford Rochester 
H. Steel Sheffield 
S. L. Robinson Shrewsbury 
G. G. Tardrew South Africa 
E. S. Hammett South Essex 
T. G. Whittam Swansea 
Southampton 
Stoke-on-Trent 
N. L. Eaton 
R. Horn 
F. G. Sandiford 
J. A. W. Styles 
R. A. Percival 


Tees-Side 
Western 
Wolverhampton 
Worcester 


GRADUATE SECTION CHAIRMEN 


Birmingham Graduate 

Coventry Graduate 
W. Shelton Leeds Graduate 
J. R. Jones Liverpool Graduate 
WP MRTG vc scus cya: okuxewakenas¢sexnisensonee London Graduate 
D. S. Bone Luton Graduate 
R. Whitehead Manchester Graduate 


B. Brewster 


E. K. Stephenson 
P. G. Jenkins 

J. R. Anderson 
R. H. Clarke 

R. E. Everhard 
T. J. Harrison 


Melbourne Graduate 

Newcastle upon Tyne Graduate 
Rochester Graduate 

Sheffield Graduate 

Western Graduate 
Wolverhampton Graduate 
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The Production Engineer 


Mobil D.T.E. Oils stand 
head and shoulders above 
allordinary oils. They 

give ba/anced protection 
and performance that 

no oil on the market 

today can equal. 


Mobil D.T.E. Oils give 
you the following 
advantages: 

LONGER OIL LIFE 


QUICK SEPARATION 
FROM WATER 


FREEDOM FROM 
DEPOSITS 


PROTECTION AGAINST 
RUST AND CORROSION 


LESS WEAR 


HIGH TEMPERATURE 
STABILITY 


aS J 
, | Balanced 
7, 


Mobil D.T.E. Oils 


to reduce 
maintenance 
costs and 
increase 


production 


ASK THE MAN 
FROM MOBIL ABOUT 
BALANCED OILS 


Our representative will give you 
the facts—the facts about the 
performance of Mobil D.T.E. Oils 
in comparison tests with other 
well-known hydraulic and 
circulating oils. Ask the man 
from Mobil to call and explain 
how Mobil D.T.E. oils can 
reduce maintenance costs and 
increase production 


ECONOMY, SERVICE. 
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INSIST 
ON 
| GENUINE 


Sacobs 





CHUCKS 


- LL 















“Tm not talking 


out of the back of my head”’ 
yY 


PINON a 





“T quite believe you. 
A true chuck runs true 
because it is a true Jacobs 
chuck made by Jacobs-the best 
known name in chucks’? 





et 
ssssepeannennneer 





“Your dealer can supply 
genuine Jacobs chucks in 
all sizes for light, 

medium or heavy duty’? 


THE JACOBS MANUFACTURING COMPANY LIMITED, ARCHER RD., SHEFFIELD, 8 


jc/3 
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East & West Ridings 
Eastern... eee 
Midlands ... eve 
North Midlands ... 
Northern ... eae 
North Western 


Adelaide (South Australia) ... 
Melbourne ( Victoria, Australia ) 
Melbourne Graduate 


Australia) . 


Sydney (New South Wales) 


Canada ase aoe 


Bangalore 


Bombay aie me 
Calcutta tee Gas 


New Zealand 


South Africa ... 


Birmingham ... 
Cardiff 
Cornwall een 
Coventry 

Derby 
Doncaster 
Dundee 
Edinburgh 
Glasgow 


Gloucester 

Halifax & Maddershield 
Ipswich & Colchester 
Leeds 

Leicester & District . 


Lincoln “ee 
Liverpool 

London see awe 
Luton 


Manchester ... 
Newcastle upon Tyne 
Northern Ireland 
Norwich 


Nottingham ... ies 
Oxford “es cus 
Peterborough 

Preston wae seu 


Reading “ee BP 
Rochester & District 


Sheffield ae oe 
Shrewsbury ... 

Southampton —e 
South Essex ... 

Stoke-on-Trent eee 
Swansea eet we 
Tees-Side ue 
Western nee nee 
Wolverhampton 

Worcester... mae 


REGIONAL HONORARY SECRETARIES 


J. Keightley Northern Ireland ... J. G. Easterbrook 
A. B. Brook Scotland W. H. Marley 
A. C. Turner South Eastern J. Aikman 
J. Cox Southern wwe see J. W. Taylor 
T. Youn South Western ... ore A. Eustace 
J &. st Wales «es a és A. E. Haynes 
SECTION HONORARY SECRETARIES 
AUSTRALIA 
B. H. M. Coombes, 11 Elmo Avenue, Westbourne Park, Adelaide, Australia. 
A. G. Jones, 13 Laburnum Street, Middle Brighton, Victoria, Australia. 
G. E. Robert, 18 Rosaline Avenue, Mount Waverley, Victoria, Australia. 
K. G. Slorach, 98 Church Street, Castle Hill, New South Wales, Australia. 


CANADA 
A. M. Hand, 18 Rintella Court, Scarborough, Ontario, Canada. 


INDIA 
G N. Advani, No. 3, Senior Executive Officers Quarters Hall, 
Bangalore 17, India. 
R. Rai, 85 Marine Drive, Bombay 2, India. 
C. K. Haldar, Asst. Director General, Ordnance Factories, 6 Esplanade East, Calcutta, 1 


Old Madras Road, 


NEW ZEALAND 
A. F. Noutch, 6 Trafalgar Road, Milford, Auckland, New Zealand. 


SOUTH AFRICA 


A. Aitken, 209-211 Pharmacy House, 80 Jorissen Street, Johannesburg, P.O. Box 10837 
South Africa. 


UNITED KINGDOM 


W. Silberbach, 45 Bagnell Road, Kings Heath, Birmingham, 14 
A. E. Haynes, c/o A. B. Metal Products Ltd., Abercynon, Glamorgan. 
F. G. Hawke, 3 Bellevue Terrace, East Hill, Tuckingmill, Camborne, Cornwall 
R. L. Aston, Lanchester College of Technology, Priory Street, Coventry. 
W. F. Radford, 15 Sherwood Avenue, Chaddesden, Derby. 
G,. R. Wimpenny, 16 Tickhill Square, Denaby Main, Doncaster. 
A. J. Fraser, 51 Fintry Drive, Dundee. 
D. A. Bowman, The Scottish Council (Dev. and Ind.), 1 Castle Street, Edinburgh. 
W. H. Marley, North British Locomotive Co. Ltd., Diesel Engine Division, Atlas Works 
Springburn, Glasgow, N.1. 
A. M. Blew, Field Place, Badgeworth Lane, Cheltenham, Gloucestershire. 
D. B. Verity, Kendoon, 168 Roils Head Road, Norton Tower, Halifax, Yorks. 
M. D. Blake, Davey, Paxman & Co. Ltd., Standard Ironworks, Colchester, Essex. 
\ Kei htley, 42 Kingsley Avenue, Adel, Leeds, 16. 
A. Stovir, 14 Queens Drive, Leicester Forest East, Leicester. 
i. Wright i01 Longdales Road, Lincoln 
S. Bateman, 17 Brooklet Road, Heswall Hills, Cheshire, (Acting). 
C. F. Weide, Messrs Vickers-Armstrongs Ltd., Crayford Works, Crayford, Kent. 
iL. FW. Galyer, Engineering Department, Luton & South Bedfordshire College of Furth, 
Education, Park Square, Luton, Ledfordshire. 
J. P. Speakman, 223 Douglas Road, Atherton, near Manchester. 
L. R. Douglass, ‘Gateshead Technical College, Durham Road, Gateshead, Co. Durbam. 
J. G. Easterbrook, “ Hilleen”, 22 Ascot Park, Knock, Belfast. 
J. I. Hilder, 2a Gorse Road, Thorpe, Norwich. 
K. Liquorish, 28 Mona Street, Beeston, Nottingham. 
K. F, Watson, 30 Stanway Road, Headington, Oxford. 
N. Holmes, “ Arncliffe”, 11 Mary Armyn Road, Orton Longueville, Petes dx rough. 
M. A. Goody, 1 Langdale Crescent, Ribbleton, Preston, Lancashire. 
P, J. Smallbone, “ Maryfield ”, Darlington Road, Basingstoke, Hants. 
W. G. Clements, 11 Charing Road, Gillingham, Kent. 
W. Edwards, 2 Wollaton Drive, Bradway, Sheffield. 
W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury. 
J. W. Taylor, High Mead, Kane’s Hill, Thornhill, Southampton. 
E. R. Easman, 4 Onslow Close, Chingford, E.4. 
W. Elliott, 1 Longview Avenue, Alsager, Stoke-on-Trent. 
C. L. Clarke, 11 Alder Road, ‘Cimla, Neath, South Wales. 
W. Roberts, “Rosecroft”, Thirsk Road, Yarm-on- Tees, Yorkshire. 
A. Eustace, 19 Ferndale Road, Northville, Bristol, 2 
W._t. Vaughan, “ Windsor ”, 19 Windermere Road, Tettenhall, Wolverhampton, Staffs 
R. Wheeler, Old Farm House, 7 Parish Hill, Bournheath, near Bromsgrove, Worcestershire 





CORRESPONDING MEMBER IN MIDDLE EAST 


J. Merkine, 15 Sha’anan Street, Ramat Gan, Israel. 


CORRESPONDING MEMBER IN RANGOON 


J. T. Foster, Office of the Principal, Regional Marine Diesel Training Centre, 
Dalla Dockyard, Inland Water Transport Board, Phayre Street, Rangoon, Burma. 


CORRESPONDING MEMBER IN FEDERATION OF RHODESIA AND NYASALAN)D 
R. P. W. Curtis, Copper Belt Technical Foundation, Chingola, Northern Rhodesia 


CORRESPONDING MEMBER IN WEST AFRICA 


H. P. Halfter, Gold Coast Railways & Harbour Admin., 
P.O. Box 202, Takoradi, Ghana, West Africa. 


GRADUATE SECTION HONORARY SECRETARIES 


Birmingham ... see —_ J. R. Brownsword, 202 Buryfield Road, Solihull, Warwickshire. 
Coventry - -— one N. A. Martin, 2 Home Farm Crescent, Whitnash, Leamington Spa. 
Leeds se oe eee B. Noble, “ Laneside”’, 25 Intake Lane, Batley, Yorks. 
Liverpool... és see S. D. Allanson, 27 Scargreen Avenue, West Derby, Liverpool, 11. 
London cee _— re B. W. Jenney, 58 Langdale Gardens, Perivale, Middlesex. 

Luton . “_ oes D. A. Slough, 41 Felix Avenue, Luton, Bedfordshire. 


Manchester a qT. A. Bainbridge, 7 Jubilee Milnrow Road, Shaw, Nr. Oldham, Lancashire. 


Newcastle upon Tyne ae M. Dewhurst, 6 Gerrard Road, Whitley Bay, Northumberland. 

Rochester & District meer D. M. Samson, 123 York Road, Maidstone, Kent. 

Sheffield cas — wits P. Brown, 21 Rowan Tree Dell, Totley, Sheffield. 

Western ses wee se R. J. M. Watt, 19 Cranham Road, Henleaze, Bristol. 

Wolverhampton _ nee I. R. Jones, “Shalimar”, Clive Road, Pattingham, Wolverhampton, Staffordshire 





LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman : 
D. R. Stockdale, 12 Northwood Road, Hilsea, Portsmouth, Hants. 


Honorary Secretary: 
B. G. Cousins, Dept. of Industrial Engineering, College of Technology, Loughborough, Leics. 


MATERIALS HANDLING GROUP 


Chairman : 
A. E. Dupree, 140 Hockley Hill, Birmingham, 18. 


Acting Secretary: 
Miss B. Trigg, 10 Chesterfield Street, Mayfair, London, W.1. 


EDUCATION DISCUSSION GROUPS 
London Centre 


Chairman : 
D. E. Peerman, ‘“‘ Oddywood,” Fox Close, Wigginton, Tring, Herts. 


Honorary Secretary: 
D. R. C. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
Midland Centre 


Chairman : 
W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick 


Honorary Secretary: 
N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield. 





12 - inch Model 
Platen diameter nee et 
8- inch Model Scale reading (rotary) ... | sec. or 30 secs. of arc 


8” Scale reading (inclinable) ... | sec. or 30 secs. of arc 
Overall size ... ant con! ae wee 


Height... ama swe we 


Platen diameter 
Scale reading (rotary) --. 2 secs. of arc 


Scale reading (inclinable) ... 30 secs. of arc 


Overall size ... ene eee 224" x 122’ 


Height (table horizontal) ... 8’ 
16 - inch Model OM 





Platen diameter... —«.. (16 

Scale reading (rotary) ... | sec. or 30 secs. of arc OPTIGA L 

Scale reading (inclinable) ... 1! sec. or 30 secs. of arc 

Overall size... eee coe FE ROTA RY AND 
Height (table horizontal) ... 93" | N C LI N A RB LE 


Robust high precision units for 
accurately machining or inspecting 


components featuring compound angles. 


Manufactured in accordance 
with specifications agreed 
to by The National Physical Laboratory. 


Ask for publication R.I.T. 60 
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Sets up fast — 


2AC 


Single Spindle 
Chucking Automatic 





i 


KS 


LACK ADJUSTER NUT 
MANGANESE BRONZE 











The Production Engineer 


ke a turret lathe 


Ease and Speed of Setup, Fast Automatic Operation and 
Extreme Precision—these are the highlights of the 
Warner Swasey Asquith 2AC Single Spindle Chucking 
Automatic. With “No Cams to Change” 


time consuming setup procedure. The pentagonal 


control drum equipped with adjustable trips selects, 


feeds, speeds and length of cutting stroke. Permanent 


cams are used for the turret and cross slides and these 


two mechanisms eliminate all cam changing. 


On the left is a typical production example —a 
manganese bronze adjuster nut, completed, including 


both threads, in one operation on the 2AC. 


Write today for a catalogue describing the Warner 
Swasey Asquith 2AC. 


WARNER 
al , SWASEY 
British Built 


Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Centrai 092? 


WSA428 





it has the 
advantage of automatic operation without the usual 


igineet 
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The Production Engineer 


MAXIPILOT 





For accurate, 
high-output 
copy turning 





DRUMMOND Maxipilot at 
the Austin Motor Co. Ltd. 


This Maxipilot turning Austin Seven crank- 
shaft primary gears demonstrates the 
application of this modern hydraulic multi- 
cycling copying lathe to accurate mass 
production work. It is a robust machine 
designed to exploit to the maximum the 
cutting possibilities of carbide tools. 
Available with either 20” or 32” between 
centres and max. swing 16” over the bed, 
94” over the cross slide. 


DRUMMOND BROS. LTD. 
GUILDFORD - ENGLAND 


Member of the Asquith Machine Tool Corporation 


Sales and Service for the British Isies 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 


KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Centra/ 0922 
D390 
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inl Bo oO ad 350 TON COLD FLOW FORGING PRESS 


Now available for Early Delivery 


The illustration above shows this machine together with its hydraulic 
and electrical control units. Of 350 tons capacity it incorporates a 40 ton 
ejection cylinder. Designed for single cycle operation, the cycle times vary 
from 5 seconds minimum upwards depending on the working stroke involved. 
Control of the machine is electrical and each cycle is initiated by the closing 
of the press operating guard. Hi-Ton also manufacture a range of standard 
hydraulic bench and floor type presses from | to 350 tons capacity, automatic 
indexing presses and machines for many special presswork applications. 


Write today for full details of the type of press which is of interest to you, 


mentioning the application for which it would be required. 


Sales and Service for the British Istes 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Tool Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also at LONDON Phone: Trafalgar 7224 & GLASGOW Phone: Centra! 0922 
HF464 
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B337-IB 
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INTRODUCING THE 











Range of 
PARKSON 


Horizontal Milling Machines 


INA Universal 


2N Universal 
2N Plain 


3N Universal 
3N Plain 


Adapta Model N 





Write for 
Leoflet EB 


Table working surface : 
70 in. x 162 in. \ | 
Spindle nose to table : | 
max: 22 in. min: 0 | | 
Spindle Speeds (28) ‘ 
in range selected : 
17-1000 rpm 
or 22-1330 rpm 


or 25-1500 rpm 












J°‘'PARKINSON & SON (SHIPLEY) LIMITED 
SHIPLEY: YORKSHIRE ENGLAND 
TELEPHONE SHIPLEY 53231 


PIRS.1B 
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Ware SPECIAL 


cole) ) [em ©.) (0) 00 me, [vam 











3DS CAPSTAN DOUBLE BALL 
LATHE HANDLE 


Code Word : ‘Threds 132” dia. 25 ton Tensile 


: wes Steel E.N.I.A. 
Ficted —" Bar Tungsten Carbide & High 


Speed Steel Cutting Tools 


Floor to Floor Time : 2 mins. 45 secs. 


Tool Position Spindle Max. Cutting Speed { Feed 
DESCRIPTION OF OPERATION on Speed | Feet | Metres” me 
per min. per min. perinch | per rev. 


Feed bar to stop, close chuck & centre drill _: 
Multiple turn two dias. & end- : - 437 133 125 


Drill tapping size hole - : - 137 41-7; 125 
Cone bore - : - 43 13-1| Hand 


Support with centre & form Rear | 260/100} 119/46 | 36-2/14 | Hand 
Tap §"x14tpi. -  - _ 635 104 316); — 
Tangential part off- = - | Front | 1650 757 230 Hand 


Combination Turret with capacities <4 - Toolholders, Chucks S 
Lathes to 35 in. swing over be and Accessories 3 
with Preselective for Capstan and & ss O & D 5 
speed-changing. in. to 2} in. *D-S* Turret Lathes. 
DOUBLE -SiIDE SELLY OAK, BIRMINGHAM 29 
Capstan Lathes ‘ Be 
for heavier Phone : Selly Oak 113 
accurate work. 


ABMTM) |} 


cp 


*PRELECTOR’ TURRET LATHES Stock Tools, gg MACHINE 
e, ~ 
* 70 


S 
(o) 
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GEAR 





MEASURING 





EQUIPMENT 





This series of advertisements is intended to show how attention to detail design backed by careful 
and precise manufacture has made Goulder gear measuring equipment first choice of buyers who 


appreciate these qualities. 


INVOLUTE TESTER 
INDICATING HEAD 


used on Goulder Nos. 1, 2 and 3 Involute 
Testers to measure deviation 


of profile from true involute. 


ELECTRONIC RECORDING USING AXIAL GAUGE 
HEAD WHICH CAN BE USED ON OTHER 
INSTRUMENTS WHEN REQUIRED 


PIVOT BEARINGS FOR 
SENSITIVITY AND ACCURACY 


PROTECTION AND EASE OF OPERATION 
THROUGH TRAVEL LIMITING DEVICE 


BUILT IN BIASSING THROUGH LEAF SPRING 
SIMPLE MEASURING PRESSURE ADJUSTMENT 
ADJUSTABLE BALANCE SPRING 
INTERCHANGEABLE STYLUS 


UNIT CONSTRUCTION FOR EASE OF MAINTENANCE 


ROBUST AND DUSTPROOF ASSEMBLY 





Goulder } THE NAME FOR ALL GEAR TESTING 


J. Goulder & Sons Ltd., KIRKHEATON, HUDDERSFIELD. Tel: Huddersfield 5252-3 


a 
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e « « reach, grasp, carry, lift, turn, clamp and filt. 
Hymatic Automation is thus invaluable in the automatic 
and selective transfer of parts from one process to the next, 
from conveyor to conveyor; in unloading one machine and 
loading the next; or in quick clamping to hold parts during 
machining. All designs of Hymatic Automation are made 
for specific tasks but are readily adaptable to others. 


Hymatic Automation covers the whole problem—the de- | 


sign of the circuit—the machine—the means of control. 


THE HYMATIC ENGINEERING CO. LTD. 
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.. feed parts 


Hymatic Automation, therefore, has a place in your pro- 
gramme of productivity improvement. 

Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 


are jobs for which you just cannot find people. 


In all events CONSULT 


Hymatic Automation 


DEPT. HA.84 - REDDITCH + WORCS 








Engineer 
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British Made 


The SPD 7/16 offers traditional 
Lapointe speed and accuracy in 

a new, low cost broaching machine. 
Designed for the rapid production 
of small components, the SPD 7/16 
stands only bench high, 

weighs only 12 cwt. 

Delivery time is 2-3 months. 


It enables the manufacturer 

with a limited budget and SPD 7/16 Pull-Down Broaching Machine 
Sons Brief specifications: 

Henited floor space, to profit from Capacity: 7000 Ib. 

Lapointe engineering design and skill Stroke: 16in. 


for little capital outlay. Cutting speed; 5-15 ft/min. variable 


for better broaching 


The Lapointe Machine Tool Co. Ltd 


Otterspool Watford By-Pass Watford Herts 

Watford 31711 (4 lines) Cables: Lapointe Watford 
Subsidiary: Lennie & Thorn Limited Bracknell Berkshire 
also The Lapointe Machine Tool Company Hudson Mass. USA 


Could this be you ? 


Does figure work often prove to be an arduous 
task ? Then why suffer when it can be some- 
thing to be enjoyed—with the satisfaction that 
the answers will be right first time. An Odhner 
Adding and Listing Machine eliminates the 
worry of figure work—swiftly and efficiently! 
What relief this beautifully designed machine 
can bring. The quiet, simplified operation, and 
specially designed keyboard are but a few of its 
outstanding features. Get a lifelong assistant— 
get an Odhner, the 

machine you can 

count on! 


=] Role) @--e- Ny ie) 5-1 Oe). mee nad) 


Head Office: BANDA HOUSE, CAMBRIDGE GROVE, HAMMERSMITH, LONDON, W.6 


Tel: RiVerside 4121 (20 lines) 
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THE WORLD'S 
MOST ADVANCED 
HYDRAULIC 
EQUIPMENT 


ARE YOU TRYING TO : 





APPLY ACCURATELY VARIABLE PRESSURE 
EITHER STATIC OR IN MOTION ? 


CLOSELY SYNCHRONISE VARIOUS 
MOTIONS, OPERATIONS OR FUNCTIONS ? 


APPLY LIGHT ... OR HEAVY... FORCES 
AT EXTREMELY HIGH VELOCITIES 
THROUGH EITHER LONG OR SHORT 
DISTANCES OF TRAVEL ? 


OBTAIN FULL PRE-SET AUTOMATIC CON- 
TROL, ELIMINATION OF PROBLEMS OF 
SHOCK, VIBRATION, ETC? 





You Heed Oilgear! 


Weatherley 
Oilgear 
Limited 


HYDRAULICS DIVISION, TELEPHONE ; 
BIGGLESWADE, _BEDS. 2351 























DEROTA LIMITED 
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for you from the most comprehensive 
stocks in Britain 


WARDS are the people to go to for modern machinery. Four 
SEND FOR YOUR FREE COPY large depots handle continually changing stocks of new, 
rebuilt and secondhand machines. 


‘ To Thos. W. Ward Ltd., Albion Works, Sheffield, Engiand 
¥ Please send me a current copy of the Albion Machinery Catalogue 


Send for the ALBION MACHINERY CATALOGUE; it will give 
an idea how big and comprehensive is the range WARDS 
can offer. 


THOS. W. WARD LTD 


ALBION WORKS - SHEFFIELD 
TELEPHONE :- 2631! (22 LINES). TELEGRAMS :- ‘FORWARD SHEFFIELD® 


74 


LONDON OFFICE: BRETTENHAM HOUSE, LANCASTER PLACE, STRAND, W.C.2. Phone. TEM 151 
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controlling a fluid power 





Manufactured by the Makers of Fine Machine Tools 


DANES 


STONEBRIDGE HIGHWAY, WILLENHALL 
COVENTRY 
Telephone: Toll Bar 2382/3 
6OIR Cogent 


HAND 

FOOT 

PUSH BUTTON 
CAM 
SOLENOID 


EQUIPMENT 


One of the most popular range of valves 
is this P.800 series available as lever, 
foot, toe, air pressure or solenoid oper- 
ated. The basic valve is engineered 
to give the maximum number of trouble 
free operations, unaffected by dirt 
because it is self cleaning, full air 
flow through valve giving faster re- 
sponse to cylinders, and easy fixing 

to any machine, make this range 

the most versatile available. 

+" and }" BSP sizes. 
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BRITISH-OXYGEN EXPERIENCE: 
BRITISH OXYGEN PROPANE 


British Oxygen have long experience with industrial 





0) 
gases. Supplied by British Oxygen, propane is a fuel 
with many applications. Economical to use. And 
(6o 
practical to begin using. For British Oxygen provide 


@) 
the cylinders and put in propane storage tanks for 





you: send experts to see what your needs are: de- 


, KO F 
liver BOC propane on time, when and where you 





want it. Service round the clock. Technical service. 


(a) 
Expert service. This is British Oxygen. 


H. M. SELLS 


R. W. BROOME 
D. BLACK 


W. H. ROGERS 





Get on to the experts - BRITISH OXYGEN .- ring Hyde Park ‘7090 


THE BRITISH OXYGEN COMPANY LIMITED Light Industrial Department - Spencer House - 27 St. James's Place - London S.W.1 
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SAVE time, floorspace, manpower; BURR-BIT 
eliminates an extra machine, functions only 
1 q| : as the tap is being withdrawn. Wo extra 
power is used. 


Jel CLEAN HOLES—BURR-BIT chamfers while the 
tap is withdrawing, burr is not pushed into 
the hole. 


COLLAR : AIDS ASSEMBLY — BURR-BIT leaves clean 


SET SCREW thread lead. With burr removed parts are 


7 ———_. 
ide t easily mated. 
BIT BODY 
(2 or 3 
BIT BLADE 


(Keep 
e- sharp for 
Fitted to the tap in best results 
seconds! Adjustable by grinding 


to suit thread depth. _ inside face) ‘ ° 
ou . ' Champers as tan withdraws 











iN THIN MATERIAL — more full threads are 
left for gripping. BURR-BIT chamfers top 
thread only. For deep holes BURR-BIT is 


F d es . : ; 
ee ee | furnished with double conical spring. 


4 flute taps, on tapping machines, 

in tapping heads, on single and 

multi-spindle automatics, capstan NORMAL OPERATION — BURR-BIT does not 

PU a a interfere with normal tapping or the accuracy 
of the tap. 


For most materials— steel, cast Literature on request 


gia STOCKED IN THE TAP RANGE 6BA-%” 


Patent applied for 





MADE BY B.S.A. SMALL. TOOLS LTD 
SPARKBROOK : BIRMINGHAM - ENGLAND 


TRADE MARES 495 





SOLE AGENTS U.K. BURTON GRIFFITHS & CO. LTD. MONTGOMERY ST. BIRMINGHAM I! 
90 TEL. VICTORIA 2351 
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A NEW SPECIALISED 
SERVICE ON 
MACHINERY FOR 


MANUFACTURING, 


Tahaclaarcharelarel FABRICATING AND 
‘ plastics 
engineering 


PROCESSING PLASTICS 


PUBLISHED MONTHLY— NOW AVAILABLE 


International Plastics Engineering meets an urgent and 
growing need of the plastics engineer, works manager and 
process technologist. It provides a full, technically detailed 
information service on machinery for manufacturing, fabri- 
cating and processing plastics, dealing with these specialised 
subjects with a new depth and scope. The increasingly rapid 
world developments of plastics machinery have made a 
separate specialised journal essential. 


International Plastics Engineering complements the 
services of British Plastics, which maintains its broad 
coverage of all plastics developments. The new journal is 
similar in format, provides the same high quality and number 
of illustrations, and is available under an advantageous 
combined subscription rate with British Plastics. 


an ILIFFE journal 
from the world’s largest 
An associate journal of British Plastics technical and trade group 








SECURE THIS NEW SERVICE FROM THE BEGINNING SPECIAL SUBSCRIPTION RATES 





To lliffe Industrial Publications Ltd International Plastics Engineering 


Dorset House, Stamford Street, London SEI | year (12 issues) 2100 0 
U.S. $7.00 


Please enter my subscription as indicated (tick 
appropriate box on right) | enclose remittance for 





Combined subscription rate to 

(PLEASE PRINT) — a British Plastics (normally £2 12 0d.) and 

International Plastics Engineering 

| year (12 issues each journal) 400 I 
U.S. $11.50 [J 








COMPANY 





To current subscribers to British Plastics, 

International Plastics Engineering 

will cost only 

| year (12 issues) “416 60 & 
U.S. $4.00 [J 


ADDRESS 


PE2 














HAC 


ESTABLISHED IN_ 1900 t R N D N G 
MACHINES 


SEMI AND FULLY 
AUTOMATIC UNITS 
IN THE SIZE RANGE 
12” x 16” to 28" x 84’ 
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WASTE 
OPAGE 


FOR STEAM 
RAISING? 


Low in capital cost, smaller in size and 
weighing less than any steam raiser of similar 
capacity and design pressure, the Stone-Vapor 

boiler can be tucked away almost anywhere, 

leaving valuable space free for other uses. 

No boiler house or attendant is required. 

Installation, operation and maintenance are 

simple. The boiler can be in use 

immediately the service lines have been connected. 

Large quantity production now permits deliveries to meet 
urgent requirements. 

Factory space is valuable. The diagram compares the space They’re good—very good, these Stone-Vapor boilers. 
Soden Gaskogl cothaas tl Gas sciavemmneti. tes te Gis Operating pressure 50 to 300 p.s.i. (specials up to 
saved by the Stone-Vapor! 1,000 p.s.i.). Sizes to suit steam loads from 300 to 20,000 Ib. 

steam per hour. 78%—82% efficiency (the same at low and 
high loads). Smoke-free, tested and delivered, 

with Lloyds certificate. Automatic controls of the 

simplest yet most effective form. 

Gas fired or dual fired gas and Oil Units can be 

provided for suitable applications. 











Process steam as easy as switch- 
ing on a light. 


Pa rticu la rly Quick steam at lowest cost. 


Light summer and heavy winter 
loads at same efficiency. 


SU itable Extremely accurate pressure and 


temperature control. 
fo Sere Automatic handling of fluctuating 
loads. 

















Saving space and expanding pro- 
duction. 


Write for full literature and detailed specifications 


STONE-VAPOR |BOILERS 


J. STONE & CO. (DEPTFORD) LTD., Arkiow Road, London, S.E.14. Tel: Tideway 1202 








Manufactured under licence of the Vapor International Corporation Ltd., Chicago, U.S.A. 
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%* IMPROVED PITCH SELECTION 

* INCREASED PITCH ACCURACY 

* REDUCED HANDLING TIMES 
ON 


PRECISION LATHES 
WHEN 


MULTI-START & 
COARSE PITCH 
THREADING 


Each size of lathe in the D.S.G. range incorporates 
a totally enclosed screwcutting Gearbox, providing 
the means for rapidly selecting thread pitches. 


The Headstock is fitted with a feed increasing 
device for coarse pitch threading. 


The lathe spindle is fitted with an indexing dial 
which indicates the precision indexing obtained 
from a ground divider in the Headstock. This dial 
is standard equipment on TYPES 13-1 and 17 
Toolroom lathes. 


WHEN MULTI-START AND COARSE PITCH 
THREADING, THE COMBINATION OF THESE 
FEATURES ENSURES THAT ALL THE ABOVE 
ADVANTAGES ARE OBTAINED. 


DEAN, SMITH & GRACE LTD. KEIGHLEY, ENGLAND 


ex No. 51-123 - Telegrams: LATHES Keighley Manufacturers of 
Tel. No. 5261 (7 lines) 13-30° Swing Engine Lathes 
Surfacing and Boring Lathes 

Toolroom Lathes 
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the SMART & BROWN 


S.8./S.C. CENTRE LATHE 


3/4” Collet capacity 


12 Spindle Speeds: 39-1430 r.p.m. 
Norton Gearbox, 27 changes 8-76 t.p.i. 
(including 19 t.p.i.) 


Taper Turning with attachment: 9” maximum 
ONE OF BRITAIN’S FINE LATHES - Designed for the operator 


| Smart & Brown (machine tools) Ltd. 
25 MANCHESTER SQUARE - LONDON - W.1 7 
Telephone: WELbeck 7941-5 Cables: Smartool, Wesdo, London 


MAKERS OF PULTRA MICRO LATHES AND GRINDING MACHINES 
Member of the GAS PURIFICATION AND CHEMICAL GROUP OF COMPANIES 
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FUR BRITAING 
AIKCKAFT 
DEVELOPMENT 





SNOW 


surface 
grinding 
machines 











Precise accuracy, co-ordinated with a high degree of overall finish, 

are features exclusive to the complete range of ‘Snow’ surface grinding machines. 
The illustration shows a PP96/54 Precision Surface Grinder 

with Swivelling Wheelhead installed at the Royal Aircraft Establishment, Bedford. 
It is used for grinding aerodynamic shapes for tests in Wind Tunnels. 

The models are produced to very closely toleranced dimensions 

and an extremely high finish is absolutely essential. 

Model P.P. is available in capacities from 72” x 36” x 18” to 192” x 54” x 54”. 


SNOW & GO. LTD. Machine Tool Makers. 
Stanley Street, Sheffield, 3. Telephone 22272 


DRUMMOND-ASQUITH LTD. World Wide Distributors 


KING EOWARD HOUSE, NEW STREET, BIRMINGHAM. Telephone Midland 3431. Also at LONDON, Telephone Trafalgar 7224 
and GLASGOW Telephone Central 0922, EXPORT DIVISION: HALIFAX HOUSE, STRAND, W.C.2. Telephone Trafalgar 7224, 





ARCHDALE 


HYDRAULIC MULTIPLE 


cuts costs on ‘JAGUAR’ connecting rods 


At Jaguar Cars Ltd., Coventry, this Size 2 ARCHDALE 
hydraulic feed multi-drill is fully meeting the demands of 
expanding production schedules. Using a four-station 
indexing table, with one loading and three 

working positions, connecting rods are produced 

at fast rates. Small ends are drilled and reamed, and the 
large ends are core drilled and bored. 

Small end bore is 8% in. dia., and large end 2.200 in. 


ff your problem calls for standard or special 
multi-drilling ARCHDALE have the answer. 
Ask for production estimates. 


JAMES ARCHDALE & CO. LTD. 


BLACKPOLE WORKS, WORCESTER 
Telephone: Worcester 2708! (7 lines) 
A member of the Staveley Coal & Iron Co. Ltd., Group 


Sole Selling Agents: 
ALFRED HERBERTLTD., COVENTRY. Telephone : Coventry 8922! 


The Production Encineer 


om me gle 


Milo» BF 





cineer 





The Production Engineer 


AN AMAZING PERFORMANCE 
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BRIEF SPECIFICATION 


Nominal power rating 


Maximum swing at chuck face— 
With pilot box...  19}” 
Without pilot box ... 24)” 


Traverse copying traverse 
Longitudinal copying traverse 
Rapid traverse rate per minute 


SPACE REQUIREMENTS 


— . ww i ee 
Width a ae a 


Height om me ae! ae SS 


The “CODICOP” is produced in Belgium by 

Le Progress Industriel Jones & Lamson, S.A. for 

whom we are Sole Agents in the United Kingdom. 

For further details of this revolutionary machine 

we suggest you write us for brochure, which 

gives some interesting examples of work produced 
on the “‘Codicop” in amazing floor times. 


25 or 40 hp. 


BY ANY STANDARDS! 


CODICOP 


AUTOMATIC CYCLE LATHE 


\AWITHPROGRAMME CONTROL 


requires only 9 minutes to 

machine this valve...with 

a setting time of lese than 
3O minutes 


AN AUTOMATIC LATHE FOR SMALL AS WELL AS MEDIUM 
AND LARGE BATCH PRODUCTION, DUE TO THE EASE 
AND SPEED WITH WHICH TOOLS CAN BE CHANGED 


@ Occupies less floor space. 
@ Allows unrestricted access to the hydraulic 
and electrical equipment. 
@ Can be easily installed without difficult foundations. 


BUCK& HICKMAN LID. 


MACHINE TOOL DIVISION 
OTTERSPOOL WAY - WATFORD BY-PASS - WATFORD - HERTS 
HEAD OFFICE 
P.O. BOX 74 - WHITECHAPEL ROAD - LONDON E.! 
BRANCHES 
ALPERTON - BIRMINGHAM - BRISTOL - GLASGOW - LEEDS - MANCHESTER 
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the choice 


of the motor 


manufacturer... EFCO 


furnaces 


An installation of pit type furnaces with separate cooling 
chambers and oil and water quench tanks for carburising 
and hardening motor gear box parts. 


Austin, Ford, Humber, and 
other leading motor manufacturers chose Efco 
Furnaces for hardening, gas carburising or 
carbonitriding gear components. 
When you decide on Efco furnaces you may 
pick from the best of the World’s current 
designs. For carburising and carbonitriding 
there are both vertical and horizontal closed Humber Ltd chose Efco-Lindberg horizontal closed quench 
quench furnaces, and vertical furnaces with furnaces for carburising and carbonitriding gear compo- 
separate cooling chambers. For hardening nents. The furnaces are electrically heated with Corr- 
there are many continuous designs including emma 
shaker hearth, roller hearth and pusher 


furnaces. 


BEST OF THE WORLDS 
CURRENT FURNACE DESIGNS 


EFCO FURNACES LIMITED 


QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 3891. 
Associated with Electro-Chemical Engineering Co. Ltd, 


zsocul aun 





—— 


Eni gineer 








1 quench 
compo- 
h Corr- 


zso0cul aun 


The Production Engineer 


Our range of industrial engines are a_ practical 
proposition for many types of industrial equipment 
... Compressors, cranes, pumps, contracting equip- 
ment, earth borers, generators, railcars, welding 
plant, works trucks, tractors and conversions. 
Simple design, modern flow-line production methods 
and common interchangeable parts contribute to 
the low cost of these high efficiency engines. And 
remember, every engine is fully backed by a 


Wherever you are, whatever your problem, 





900 — 


MOTOR COMPANY LIMITED - ENGLAND 


are at your service 


For further details of our 


INDUSTRIAL 
ENGINES 


and the equipment they power, 
send the coupon to your nearest Ford Dealer 
or direct to 


tox 
industry 


World-wide Parts and Service Organisation. Take 
your choice from a wide power range... Diesel 20 to 
86 b.h.p. and Petrol 11 to 87 b.h.p. (12-hr. rating). 
DIESEL ECONOMY 

— have you considered the replacement of existing 
power units in your equipment and trucks with the 
famous 4D Diesel engine? You'll have the unique 
advantages of economy, long-life and low running 
costs . . . plus the best service in the World! 


loa Cm w BS me 





Please send me technical brochures of your *PETROL 
DIESEL Industrial Engines. The maximum B.H.P. required 
| Sarena at R.P.M. Also, please send details 
of the following equipment powered by your engines. 

















* Delete where not applicable 








FORD MOTOR COMPANY LIMITED - PARTS DIVISION (G52) - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 








the green, twickenham, middlesex ° 


for outstanding quality 


Modern manufacturing techniques and first class 
workmanship enable BHB Pistons to obtain the high 
operative standard and consistent performance 
demanded by the Automobile Industry. 


Manufactured by 


automotive 
engineering limited 


ONE OF THE SHEEPBRIDGE ENGINEERING GROUP 
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telephone POPesgrove 2206/9 - telegrams ‘MOTIF’ twickenham 
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HE Spindle Speed: 710 R.P.M. 

Mi Feed Rate: .0063 in./rev. 

Wi Material: EN 9. 

Hi Floor to Floor Time: 10.5 mins. 


VDF TYPE B3S 


Boring depths from 29} in. to 236 in. 
Other models up to a maximum boring depth of 40 ft. and 16 in. dia. 


9OLE BRITISH AGENTS 
SYKES Sa 
Hythe Works, The Hythe, § 


ota 


sgele]s 


ham 


The work spindle illustrated is machined 
on a V.D.F. Deep Hole Boring Machine 
using the solid boring method and central 
chip disposal. The maximum axial 
deviation is .0039 in. over the length 


of 37 in., with a surface finish of 5-10,. = 


r 


COMPANY LIMITE 


e Staines 55474 (5 es) T 


Staines 
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No need for additional 
machines and extra floor space 


DIMENSION 
INDICATORS 


* Reduce stoppages 
for measurement 
after each cut. 


sk Increase machine 
utilisation and 
output. 


* Reduce setting 
errors. 


* Direct readings of workpiece 
dimensions give greater speed and 
accuracy. 


Full technical details on request 


English Numbering Machines Ltd. 


Dept. 3K - QUEENSWAY - ENFIELD - MIDDX - HOWard 2611 (5 lines) - Grams: Numgravco, Enfield 





Engineer The Production Engineer 


HEEWN AN 
Multiform 














= 
wi s 
For forming heavy gauge 
parts from strip up 
to 3 inches wide 
and 12 inches 
developed length. 
Designed with the die space 31 inches long and accom- 
modating three individually operated diesets, if required, 
jes each 10 inches long, the Heenan S.3 Multiform is par- 


; ticularly suitable for the automatic forming of parts requiring 
rt substantial presswork, such as piercing, stamping, coining, 
blanking, embossing and trimming, using progression 
tooling. Press rams can be operated from front or rear, 
with 30 tons loading to each ram. 


1e Output rates are variable from 40 to 120 parts per minute. 
The machine is particularly robust and has been designed 
to cater for the particularly heavy loads exerted when 
working on heavy gauge strip. 


If fast multi-forming is new to your 
Company you may freely borrowa 
16 m.m. colour film “ The Heenan Multi - 
form” which fully describes the technique. 
Write sole agents below. 
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Now available for Kearns Horizontal Boring Machines 


an even lift for offset loads 


A screw and nut arrangement draws a precision 
roller chain round several sprockets. Each sprocket 
forms part of a carefully placed jack lift which 
transmits the load to a large diameter ball track and 
lifts the revolving table clear of the main table. 


* During cutting operations the revolving table is supported on 
and clamped directly to the main table. 


* An even lift is ensured by a number of equal stroke “‘jacks’’. 


* Several lifting points ensure good load distribution. 


* Rotation under rolling friction on a large diameter ball track. 


REARNS 


* patented 
multi-jack 
revolving 
table 








* Another KEARNS development for improved production efficiency 


H. W. KEARNS & CO LIMITED, BROADHEATH near MANCHESTER 
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How to fill vacancies 


in your D.O. and Stores 


With Azoflex papers and a Model 150 
automatic Azoflex photoprinting machine, 
engineering and commercial firms are able to 
free as many as three out of four operatives 

and put them on to more productive 

work. Many of these firms are distributing up 
to 10,000 copies of assorted parts lists, loose-leaf 
catalogue pages, memoranda, and other 
documents up to foolscap size. 


Using Azoflex papers on tinted bases, it is 
possible to “key” the origin or distribution of 
all documents within an organisation, with an 
immense effect on efficiency through immediate 
recognition of what is important as compared 
with “‘just another piece of paper”’. 


AZOFLEX photoprinting machines 

range in size from desk models up to large 
machines capable of reproducing double-elephant 
copies of drawings and plans. The AZOFLEX 
process is glareless, fumeless, and dry. No 
darkroom or ducting is necessary. Copies are 
usable as they emerge from the machine. 


Your Company might benefit... 


Many business and industrial concerns find that it 
pays to hire certain AZOFLEX machines—rather than 
Zz © CX buy them outright. Enquiries will be treated with the 


utmost discretion, and will not commit you in 
any way. 








Photoprinting Papers & Machines 


ILFORD LIMITED INDUSTRIAL SALES DEPT. AZ23M ILFORD ESSEX 
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ONCENTRIC 
OMPONENTS 


. occupy a very special place in the motor 
industry, many special places to be exact. 
Designed and precision engineered to ensure 
economy of operation and a long service life, 
they ‘fit’ into most assemblies. 


Oil Pumps, Water Pumps, 
Steering Idlers, 

Clutch Plates, 

Gear Change Mechanisms, 
Bearing Boxes, 

Brake Drums, Brake Discs, 
Push Rods, Ball Pins, 
Shackle Plates, 

Axle and Hub Assemblies, 
Thrust Plates and Assemblies, 


Machined Components of all kinds. 


SCHEME OF THINGS 


Concentric specialists in the design and manu- 

facture of Oil and Water Pumps, have 

achieved a new high standard of performance 
and production in this field. 


Concentric (Engineering) Limited, Tyburn Road, Birmingham 24 
TELEPHONE: EAST 2081-2-3-4-5 
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How costs are cut with SALTER RETAINERS 


Salter retainers simplify design of 
self-sealing coupling with great savings 





MACHINING x 


AANA Si 


iN <i ii outer shoulder ring (15 mins) 4/- 14/4 











inner retainer (20 mins) 5/44 


saved on 


ee threading (4 mins) 1/03 
THE OLD WAY Self-sealing coupling each unit 


used over-sized internal and _ external 
threaded retainers... costly milling, turning 


and threading operations were necessary, 
and assembly slow and difficult. ASSEMBLY 6 


_— —— by use of 


total labour saving 


2 SALTER 


MATERIAL 





brass threaded retainers RETAINERS 








TOTAL SAVING WITH 


THE SALTER WAY Two Salter eadenn 
replace heavy threaded retainers, and 
eliminate many costly tooling operations. 


Assembly, disassembly and maintenance is 
simplified. 








NEATER — MORE POSITIVE - PERMANENT RETAINING 


( Circlips €) Fasteners Retainers |x | Fixes 


Geo. Salter & Co. Ltd., West Bromwich. Spring Specialists since 1760 








Ps 








Send for new 
illustrated 
brochure IE/135 
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WHAT A SAVING 
on Short and Medium Run 
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Piercing Jobs! 


BRITISH 


WIEDEMANN Tooling 


Rounds, squares, ovals, clusters and shapes—you use the 
same tools for every piercing job with similar openings. 
Every tool is ready for instant use: 

no setting—always in accurate alignment. 

The Wiedemann method saves time and expense in other 
ways, too—reducing handling and eliminating 

marking out and hand finishing. So why delay longer? 
Find out more about this economical method today. 


There's a 

WIEDEMANN Turret Punch Press 
for every short and medium run 
piercing job. 


Hand or power —15,000 to 160,000 Ib. 
punching pressure. 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel: WESTERN 8077 (8 fines) Telex: 23182 Grams: ACCURATOOL LONDON TELEX 
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presenting the 


f Nightstor heater... 


...t0 meet the demand of larger ‘off-peak’ installations 


This handsome new model adds flexibility to the Nightstor family. SIX NIGHTSTOR MODELS 
Its higher loading and competitive price will reduce installation ae 
costs and, like all Nightstors it is cheap to run too,using electricity 

at low ‘off-peak’ rates by storing heat at night for use the following pet a 
day. It fits flush to the wall using as little space as possible and, yo 6315 14ew £15. 2.6 
of course, this automatic form of heating does awaywith the need _ 10 6320 2:kw £20. 10.0 
for boiler room, fuel store, flues and chimneys. In addition there HO 6321 21kW £20. 10.0 


are no maintenance worries and positively no smoke! HO 6330 3kW £22. 5.0 
A NEW PLAN FOR YOUR CUSTOMERS. Send for details of the G.E.C. Extended Credit Plan which earns profits while you pay. 


Wage 


HO 6310 1kW £11.10.0 


SPECIALISTS IN INDUSTRIAL HEATING 


Our Advisory Service will be glad to help you, without cost or obligation. Write to: 


a INDUSTRIAL HEATING DIVISION THE GENERAL ELECTRIC CO LTD MAGNET HOUSE KINGSWAY LONDON WC2 
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HYDRO- LOW COST automation 


PNEUMATIC 
TABLE 


prive | fmm ‘CENTEC AUTOMIDL’ 


suitable for PENDULUM MILLING using 2 fixtures 


@ Maximum efficiency when pendulum milling is achieved by 
providing a separately controllable feed rate in each direction. 


@ Idle time is reduced to an absolute minimum by having a fast 
traverse rate of 420 inches per minute. , 


@ Great versatility of applications is achieved by a feed range from 
1 inch to 400 inches per minute. 


@ Sturdy fixtures can be utilised because of the 14 inch table 
traverse. 


@ Maximum rigidity of the machine and minimum worker's 
fatigue is achieved by the low height of the table of the 
machine. 


14 inch TRAVERSE 


Table surface 27 ins. x 6 ins. 
% Works on standard air line pressure. 


Auto-pneumatic index table 


OPTIONAL EXTRAS: also vertical swivelling head. 


also the 
FULLY PROGRAMME 
CONTROLLED 


GENTEC gh 


AUTOMATIC 
production milling machine 


Programme includes the cycle control of hori- 
zontal table and vertical head movements, as 
well as start and s.op of main spindle. 


Programme quickly set by positioning buttons in 
a programme plate. For short repeating produc- 
tion runs the programme plate can be stored 
saving setting time when repeated. This machine 
will do a great number of consecutive machining 
operations automatically without resetting. 


Pee Ss ee a 


also PROFILE MILLING with very great accuracy. 4 
Angles up to 80° to the Horizontal, down to the Table surface : 
slowest taper with the “ CENTEC ” 3R. 34 ins. x If ins. : 


CENTEC MACHINE TOOLS LTD - HEMEL HEMPSTEAD - HERTS - BOXMOOR 584-5-6 





gineer 


n 


Ll 
tures 
ed by 
:. 

a fast 
e from 


h table 


orker's 
of the 


dle 





The Production Engineer 





ALMOST ENTIRELY 
ELIMINATES MAINTENANCE 


NO PUMP 
NO FILTERS 
NO PIPES 
NO NOZZLES 


NO CLEANING OUT AFTER 
1 YEAR’S CONTINUOUS 
DOUBLE-SHIFT WORK AT 


Massey-F'erguson 


(UNITED KINGDOM) LTD. 


STRETFORD - MANCHESTER 


This Booth was started up on production 
on 1st March, 1959, and has operated two 
nine-hour shifts on continuous painting of 
agricultural machinery. When last exam- 
ined, there was an average depth of silt of 
6 inches over the entire water tank 
bottom, an area of 290 sq. feet. A further 
4inches, making 10 inches in all, can be accommodated 
before cleaning is essential. After 1 year’s operation, 
the fan and ducting were barely discoloured, the only 
maintenance cost being cleaning the floor inside the 


A. BULLOWS & SONS LTD - LONG ST - 








SPRAY BOOTH 


In this new type of Water-Wash Spray Booth the 
exhaust air travels at very high velocity over the 
water surface entraining water. The air/water 
mixture, moving through controlled changes of 
direction, provides the scrubbing action. 


* A NEW PATENTED PROCESS 
OF WATER TREATMENT... 


substantially increases the efficiency of 
these Booths. 


booth, routine greasing of bearings and similar preven- 
tive maintenance, 


VISITS TO FACTORIES WHERE BULLOWS’ NOPUMP SPRAY BOOTHS HAVE BEEN 
INSTALLED CAN BE ARRANGED ON REQUEST. WRITE TODAY FOR FULL DETAILS 
OF THIS OUTSTANDING BULLOWS' ACHIEVEMENT. 


WALSALL - STAFFS - TEL 27251 


DEPOTS AT: 13 SOUTH MOLTON ST., LONDON, W.1, TEL: MAYFAIR 2313 70 GILMOUR ST., GLASGOW, C.5 TEL: SOUTH 2383 
55a BRIDGE ST., MANCHESTER, 3. TEL: BLACKFRIARS 5¢79 61-63 DRURY ST., DUBLIN. TEL: DUBLIN 73188/9 
BULLOWS (AUST.) PTY. LTD. ETHEL AVENUE, BROOKVALE, SYDNEY, AUSTRALIA 
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‘MATE-SIZE’ > 
GRINDING 
ON A 


VJOWES = SHIPMAR 


MODEL 1049 
PRODUCTION GRINDER 


The Jones-Shipman 1049 Production Grinder installed at 
S. H. Muffett Ltd., Small Gear Specialists of Tunbridge 
Wells, Kent, is fitted with “stop-cut” sizing equipment. 
The machine is arranged for “single lever” operation 
enabling heavy stock removal yet giving tolerances down 
to .0001” on diameter with exceptionally good surface 
finish. Inset illustration above shows a shaft coupling being 
ground with the gauging calipers in position for sizing 
and below is a group of parts typical of the many which 


S. H. Muffett Ltd., grind on the Model 1049. 


A. A. JONES & SHIPMAN LTD., Narborough Road South, Leicester. Telephone: 823222 
London Office and Showrooms: 50/52 Great Peter Street, London, S.W.1. Telephone :JAbbey 5908/9 





This is the thumb 
that starts the machine 
that cuts gears faster 


than any other machine 








in the world 


ee 


Whose thumb is it? It could be anyone’s. 
The ownership of the thumb is unimportant. It’s 
the ownership of the machine that counts. For the 
machine is a Hydrax — the world’s most advanced 
gear hobber. Anyone who owns a Hydrax cuts gears 
at an astonishing speed — automatically — accurately. 
Hydrax hobbing means multi-spindle production from 
a single-spindle machine. If you really want to get 





hobbing, you’ll want information about the Hydrax 
tange. We'll be glad to send you literature. 


DAVID BROWN 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


CHINE TOOL DIVISION, BRITANNIA WORKS, SHERBORNE STREET, MANCHESTER 3. TELEPHONE: MANCHESTER BLACKFRIARS 4711 
QA/5825 








After a survey of your plant, we produce a 
tailor-made plan. This and the estimate are free, 
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Whether simply transferring raw materials from unloading bays to 
stores, or routeing components at a pre-controlled rate along an 
involved production line, the MonoRail system allows unrestricted 
movement. It saves valuable floor space and permits transit over 
otherwise-congested areas. Each installation, from the smallest gravity 
drive to the most complex automated system, is individually tailored 
to your requirements. 


Advantages worth noting 0 Uses ‘free space’ for conveyance and 
storage O Switches, interlocks and lifts permit movement in three 
dimensions 0 Choice of individually powered, fully automated or gravity 
drives O Can accommodate any number of items per transit O Transit 
rates from 2-150 ft./min. O Negligible operational and maintenance costs 
O Underslung system permits unobstructed transfer between parallel 
tracks O System can be extended as required O Any size of installation 
O Excellent after-sales service 


IF YOU WANT TO GET A MOVE ON 


Send for the man with the MONORAIL plan 


BRITISH MONORAIL LIMITED - WAKEFIELD ROAD - BRIGHOUSE - YORKS - TELEPHONE: BRIGHOUSE 224 
A member of the Herbert Morris Group of Companies TGA emi 
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Perfect repetition — as provided by Araldite epoxy resins for jigs, fixtures 
and press tools. Replicas cast in Araldite are quickly and economically 
produced; they do not shrink on setting, and are resistant to damp and 
chemical attack. 


CIBA (A.R.L.) LIMITED - Duxford - Cambridge - Telephone: Sawston 2121 
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OHANSSON LTD. 


Specialists in Threading and Precision Measurement 
SOUTHFIELDS ROAD . DUNSTABLE - BEDS. TEL: DUNSTAGEE Seeze 
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Electrical Aids in Industry 


Electric Motors & Gontrols-2 


Control equipment must enable the motor to be 
operated effectively, to obtain maximum productive 
efficiency of a given machine. An outstanding advan- 
tage of individual electric drives is the flexibility of 
control available. Control equipment may be manual, 
semi-automatic or fully automatic, and includes gear 
for the following operations: 


(a) Starting 

(b) Speed Control (this subject will be dealt 
with in Data Sheet No. 16) 

(c) Reversing 

(d) Stopping 

(e) Switching off automatically if operating 
conditions become abnormal 

(f) Isolation of motor and control equipment 
from the supply. 








Every application of power has its own particular 
control requirements—and they are legion. Below are 
featured four uses of electric motors and their 
controls; they are given only as examples and 
represent but a small fraction of the whole picture. 


Turret-lathe Control 


Various speeds are required for different tools, and it 
is possible to arrange, for instance, for a four-speed 
headstock, forward and reverse, incorporating a 
power-operated pre-selector speed change. By using 
a two-speed double-wound 
motor, eight speeds forward 
or reverse are obtainable. A 
dial on the headstock is set 
to the required speed and 
when a knob in the centre 


3 ¢ 
\% os 
zg 7X - 
n“n@ @ o 
weg eeeeeee 
of the dial is pressed, the ¢ p ; 9345 


power-operated mechanism 
changes the speed instantly. 


Crane Control 


This is a form of control which must be flexible yet 
completely foolproof. It is, for instance, possible to 
arrange for motor switching to be performed by 
contactors in response to movement of the crane 
driver’s master controller which has a number of 
notches, each of which is 
associated with a particular 
set of contactors for ac- 
celeration, speed control, re- 
versing and braking. If the 
controller is moved quickly 
from the ‘off’ position to 
the ‘last point lowering’, 
the rate of acceleration is 
limited automatically by the 
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Data Sheet No. 1 5 


relays. These also govern the retardation in order to 
prevent a heavy descending load being stopped too 
suddenly. This is just one of the ways in which electric 
control mitigates the hazards of crane operation. 


Planing-machine Control 


Another example of motor control for machine tools 
is that for planing machines. For general workshop 
machining, the Ward-Leonard controlled motor, 
with a speed range of Io to I, gives a rapid and 
smooth reversal of the table travel and is ideally 
suited for short-stroke work. Two arrangements of 
Ward-Leonard control are available, the 3-machine 
set with generator, exciter and driving motor, and a 
specially designed 4-machine set with an additional 
auxiliary exciter. With the 3-machine set the control 





full voltage 


} 


Connected to full ..... 





equipment can include magnetic time relays which 
automatically adjust a regulator to strengthen the 
motor field at the instant of reversal and therefore 
greatly increase the accelerating torque. The 
auxiliary exciter of the 4-machine set automatically 
provides ‘field forcing’ on the generator; in other 
words, the power input to the motor is increased to 
give more accelerating torque at the instant of 
reversal. 


Automatic Control 


The control equipments described incorporate 
automatic features which help considerably towards 
obtaining safe and efficient operation of the driven 
machine, but much still depends on the human 
element. Braking equipment, for instance, cannot 
always become effective until an operative has taken 
some action. In an emergency this physiological 
time lag which delays the initial action will also delay 
the final effect. Fortunately it is often practicable to 
employ devices, which will be described in other 
Data Sheets, to ‘observe’ any abnormal condition 
and immediately and automatically to initiate the 
braking system. 

Particular attention should be paid to the positioning 
of controls. When a machine, or group of machines, 
requires 4 large number of push buttons and, in some 
cases, instruments, etc., the controls can be grouped 
on a desk with a mimic diagram, located in a position 
where the operator has full view of the work. 


For further information, get in touch with your 
Electricity Board or write direct to the Elec- 
trical Development Association, 2 Savoy Hill, 
London, W.C.2. TEMple Bar 9434. 


They can offer you excellent reference books 
on electricity and productivity (8/6, or 9/- post 
free)—‘Electric Motors and Controls’ is an 
example. 


E.D.A. also have available on free loan 
within the United Kingdom a series of films on 
the industrial uses of electricity. Ask for a 
catalogue. 
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A USEFUL TABLE ON CUTTING OILS AND 
LUBRICANTS FOR THE MACHINE SHOP 


We give in the Table on the right the brand name, cutting 


oil or coolant recommended for metals in general use. Cut it out and keep it by you 


An outline of the products named is as follows: 


FRAPOL 


Sulphurised and Sulpho-chlorinated neat oils for ferrous 
material. 





General Machining 
Material (Turning, Milling, Broaching Tapping Grinding 
Drilling, etc.) 


CUTMAX Water Neat Water Neat Water Neat Water Neat 
Mixtures Oils Mixtures Oils Mixtures Oils Mixtures Oils 





Light coloured non-sulphurised neat oils for non-ferrous 
and some ferrous materials, 








Steels up to | Solcut Frapol Broach- | Frapol Solcut Frapol | Hocut Frapol 

50 tons per | Antisep | Cutmax | ing Evco Evco Evco Houghto-| Eyco 
Evco sq. in. Evco Paste grind 
Special grades for individual needs, include soluble and ———_—— 
neat oils. Steels over | Solcut Frapol Broach- | Frapol Solcut Frapol | Hocut Frapol 
50 tons per | Antisep | Cutmax | ing Evco Evco Evco Houghto-| Evco 


HOCUT sq. in. Evco Paste grind 


Translucent emulsion type coolants for all materials. 

















Hocut Frapol 
Cast Iron Frapol Evco Houghto-| Evco 


SOLCUT grind 


High grade soluble oils for general machining. 








Stainless Antisep | Frapol Frapol Hocut Frapol 


Steels, Heat Houghto- 
ANTISEP Resisting grind 
Water soluble E.P. base for heavy duty. Suitable for Alloys, 


automatics if water mixture is required. Nimonics, 
Titanium Hocut Evco Evco Evco 
HOUG TOG Brass coins Cocnax : Cutmax Cutmax | Hocut | Cutmax 
Clear chemical solution type grinding coolant for ferrous Bronze 
materials. 














Aluminium | Solcut Cutmax Cutmax Cutmax | Hocut Cutmax 
NOTE: There are many metals and alloys, not included Alloys Evco 
in this table for which special grades, neat and 
soluble, are available. Further details on request. 





























FURTHER PARTICULARS ARE OBTAINABLE FROM 


Edgar 
Works and depots at: Birmingham, Manchester, Liverpool, London (Southall) 
Bristol and Glasgow. augha 


in association with the Houghton group of companies a!l over the world, € Co. if 


LEGGE STREET, BIRMINGHAM 











This aluminium 13 BOSSES 


component is , t@ (6 Different Depths) 


ERE is a typical example of the amazing time and cost cutting 
advantages of machining light alloys on a Wadkin Articulated Arm 
Router, L.C. This router face-mills the weighing machine component, 
shown above, in a fraction of the time taken by any other method and yet 
its initial cost is relatively low. Three 

models are available: heavy duty type 

L.C. with either 6’ 0” reach (illustrated) 

or 8’ 0” reach, and the medium capacity 

machine, type L.C.6 with canting table. 

Full details of these machines are given 

in Leaflet No. 945, available on request. 


Wadkin Articulated Arm Router L.C. Wadkin Articulated Arm Router L.C. face-mii 
face-milling an engine crank-case. HIGH SPEED MACHINE TOOLS i i 


the weighing machine component shown ab 


Wadkin Ltd., Green Lane Works, Leicester. Telephone: 68151. London Office: 62-64 Brook Street, W.1. Telephone MAY fair 71 











This extremely useful attashment is suitable 

for all Crowthorn Lathes. (The illustration 
shows the unit fitted to a l10tin. Centre 
Lathe). 


Particular advantages of the Crowthorn 
attachment are as follows:- 
. great reduction in machining times. 


Rar: (ovoitie-(oy' Me (o.- Bile Mel-je.-lile Mem 3) ell me’ 
the operator. 

. attachment is fitted to existing cross slide 
at rear of lathe. Front tool post can be 
used in normal way. 

. round models or flat templates can be 


used as masters. 


. can be used for boring, face. copying 
and normal external machining. 
. a high degree of accuracy is obtained. 


. slow tapers can be machined and 
radiused forms easily copied. 





CROWTHORN ENGINEERING COMPANY LIMITED 
Makers of High Class Machine Tools for over half a century 
REDDISH ° STOCKPORT . ENGLAND 
Phone : STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 
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H.F. Induction 


Heating 
IkW, 3kW, 7kW, ISkW Generators 


FOR HIGH SPEED HARDENING, BRAZING & SOLDERING, 
ANNEALING & MELTING, GENERAL HEAT TREATMENT 


These equipments all have a high kVa output circuit. 


The variable power adjustment allows the exact heating pattern to be 
obtained. 


Push button control ensures that the same heating cycle can be repeated 


with consistent accuracy and unskilled operators can be used with 
complete confidence. 


Specially designed valves of our own manufacture are used and a 
liberal safety rating on all components provides long life and the 
minimum of maintenance during continuous production. 


Complete working installations can be supplied. 


Immediately available from 
stock. 


Free sample testing and 
advisory service. 


Technical _ representatives 
in London, Birmingham, 
Manchester and Glasgow. 
Write or phone for leaflet HT/20/59. 


Standard Telephones and Cables Limited 


INDUSTRIAL SUPPLIES DIVISION 
STANELCO PROCESS HEATING : FOOTSCRAY -: SIDCUP : KENT 


Telephone : FOOtscray 3333 


MINIATURE 
BUSBAR 
TRUNKING 





OTTERMILL SWITCHGEAR LIMITED 


SALES OFFICES: 82 VICTORIA STREET - LONDON SW1 


Telephone: ABBEY 5095/6 Telegrams: BUSBAR SOWEST 
Works: OTTERY St. MARY DEVON Tel: OTTERY St. MARY 264 Grams: BUSBAR OTTERY St. MARY 
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- ARO-BROOMWADE 
ibn Silence 


PNEUMATIC TOOLS 





eet NSE 
MAXIMUM POWER Mode rk 
NO NOISE €& . ait 
NO BLAST > 


—these advantages are offered 

for the first time by the 
ARO-BROOMWADE Golden 
Silence range. The noise is destroyed 
by a specially developed exhaust 
system. An external porous-bronze 


diffuser, exclusive to 
ARO-BROOMWADE, breaks the 
force of the exhaust air and 
diffuses it so gently that it 

will not disturb a flame held 


Model 7429C 


—push-pull 
tapper; 
slow speed, 
high torque. 


only inches away. 


Model 7276C 
reversible 
screwdriver and 


Only ARO-BROOMWADE Tools 
nutrunner, 
have GOLDEN SILENCE ne el 


Write for publication No. 444 T.E. Ge clutch. 








AIR COMPRESSORS & PNEUMATIC TOOLS 


YOUR BEST INVESTMENT 
BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND 


Telephone: High Wycombe 1630 (10 lines) Telegrams: “Broom”, High Wycombe (Telex) 667 SAS 
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CONTINUOUS ROD + BAR - TUBE MARKING 


Introducing 


the 


E.P. 37 


The latest addition to the Pryor range of marking 
machines. Will handle tube at speeds up to six 


hundred feet a minute. Write for further details. 


EDWARD PRYOR = 5 ON LIMITED 


BROOM TREET CSM ELD. ENGLAND Bb. 23.461 Gr PRYOR, SHEFFIELD 





Will secure clean conditions in Reactor Vessels, 
Heat Exchangers, Pipes and Ducting. 


This mobile, dust-free 
shot blast machine is being 
used with outstanding success 

for in-situ cleaning of nuclear power plant 
installations. Heat exchangers, Reactor-vessels, Boiler elements 
and ducting, all require the super cleaning for which Vacu-blast 
is perfectly suited. Vacu-Blast equipment is equally well suited 
to on-site construction work or pre-fabrication in the workshop. 3 PAE/B 
Demonstrations can be arranged on request. 


VACU-BLAST LIMITED, WELLCROFT ROAD, SLOUGH, BUCKS., ENGLAND Telephone : Slough 24507 - 8-9 
VACU-BLAST (AUSTRALIA) PTY. LTD., AIRPORT WEST, VICTORIA, AUSTRALIA 
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ROTARY TABLES with or without 


HORIZONTAL TRAVERSE — HAND 


sft. oft. 7 ft. and 8 ft. 
Circular or Square 


K & W 
Rotary 
rotation 
clockwise 
control. 


8 ft. diameter Portable 
Worktable with power 
clockwise 4” anti- 
pus button 


by 
Indexed 360 degrees. 


A range of 
with horizontal drilling machines. 
degrees each o mark. 
spaced. Bases 

Worktables with power 
fine hand adjustment. Tables with 
feeds in a range rom #in. to 6 in. 
supplied as an optional 
Larger beds can be suppli 


tables. 


kK & W 7 ft. Square 
rotation and power h 
ontrol. Base 


Worktables is available designed primarily for use 


with lifti 
rotation have controls for 


OR POWER MOTIONS 


in conjunction 
Indexing tables are indexed 360 degrees. 
Locking is by four substantial clamps equally 
holes so that the complete unit is portable. 
both rapid i 
horizontal traverse i 

per minute 


as standard. Tw 


extra. The standard length of horizontal travers 
; a cost. 
Write today for Catalogue A2 which gives full 


details of the K & W range of rotary 


This 60 page catalogue illus- 
y trates and describes the range 

of K. & W. machines [OF the 
4 modern machine shop. 


_— ail 


Rotary Table with hand 
orizontal traverse by push 
arranged to bolt directly 


ne bed at 90 degrees or alternatively 
as a portable unit. 


K } 
KITCHEN & WADE LTD 


ARUNDE 
L STREET, HALIFAX, ENGLAND Tel 
elegrams 


Member of th 
e Asquith Mach 
ine Tool Corporati 
tion 
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Besco Machines are good 
For years and years, For Sheet Metal ! 


Besco machines have cut and shaped sheet metal for a 

variety of useful finished forms . . . from ducting to 
chick brooders: aircraft to refrigerators: ships to furniture... 
and still they cut and shape sheet metal. 


Besco guillotines and shears cut energetically and 

accurately through ferrous and non-ferrous sheets: press 
brakes, folders, angle benders and bending rollers form, bend 
and curve the panels, pans, boxes and mouldings. 


Besco swages and wiring machines 

bead and turn edges for ornamental 
strength and safety: nibbling machines pre- 
cisely bite along the edges of intricately 
shaped templates. 


Besco flangers pound the edges of 
metal blanks and lift the edges high, 
square and even: presses pierce and stamp 
endless components in a flood of production. 


Yes, indeed, Besco machines are good for sheet 
metal .. . without them, sheet metal would remain— 
well, just sheet metal ! 


Excellent terms: monthly account, hire 
purchase, or the F | E Machine Hire Plan. 
“VY, $ 


Edwards House, 359-361 Euston Road, London, N.W.1 | Lansdowne House, 41 Water Street, Birmingham 3 
Telephones: EUSton 5000 Telex: 24264 Telephones; CENtral 7606-8 


Telegrams: Bescotools London NWI Telegrams: Bescotools Birmingham 3 

















THE STANDARD PISTON RING & 
ENGINEERING CO. LTD. 
Premier Works * Don Road « Sheffield 9 - England 


142076 (3 
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. HERBERT-SMALLPEICE 
> 


\ 


standard Multi-cut Production Lathe 
equipped for machining track-rod 
ball pins —fully automatic cycle 





Profile turn, undercut and chamfer track-rod ballpins in a 
floor-to-floor time of 20 seconds. 


This set-up is typical of the versatility of this unit-constructed machine. 
Long and slender, short and thick components can be accommodated; 
wide range of standard slides and attachments. 

Hand-operated or fully automatic cycle. By virtue of its heavy cutting 
capabilities and all round flexibility, can be used to advantage as a 
general-purpose lathe. Swing 12”; between centres 29”. 

We quote for machines with chucks and tools for specific work. 


AD624 


=== L7D., COVENTRY — FACTORED DIVISION, RED LANE WORKS 
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ELLIOTT, —eridnil 
MILLING MACHINES 


VERTICAL MODEL 
£1750 including 3 phase electrics 


48” < 113” table 

32” longitudinal traverse 

Power feeds and rapid traverse in all directions 

12 spindle speeds 30- 1,050 r.p.m. or 43- 1,500 r.p.m. 
18 table feeds 0.65- 15 in./min. or 0.93 - 21.5 in./min, 
Sh.p. motor 

Backlash eliminator standard equipment 


UNIVERSAL MODEL 
£1575 including 3 phase electrics 


Manufactured by: 


B. ELLIOTT (MACHINERY) LTD. 


(MEMBER OF THE B. ELLIOTT GROUP) 
VICTORIA WORKS, WILLESDEN, LONDON, N.W.10 
Telephone: ELGar 4050 (10 lines) [ 


Telegrams: Elliottona, . ELLIOTT OF LONDON GROUP 
Overseas Subsidiaries: CANADA, U.S.A., AUSTRALIA, S. AFRICA 





Every demand for speedier production is 
answered by the evergrowing range of 
“Eclipse” Magnetic Tools. 


more production ¢ | Han Mage or iting a ing 


Magnetic Links, fully adjustable to 
hold parts at all angles for welding or 
assembly. 


—_ bt Cy’ Cs h OW — 4 _ Magnetic Holder for holding pipes and 


plates in welding and assembly, and 
other parts in machining operations. 


Magnetic Floaters for separating 
ferrous bl: 


Magnetic Base to hold dial indicators 
in the most awkward places. 


% Ask for booklet “Magnetic Aids to Speed Production”. 


the only name for magnetic tools 





JAMES NEILL & CO. (SHEFFIELD) LTD. ENGLAND 


Supplies through appointed ‘‘Eclipse’’ Distributors 
PM 135 
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Anotner adutiyon to te Kange of hhauction Heaters 





INDUCTION HEATING UNITS 


These 6 kW induction heaters have been designed for con- 
tinuous operation and incorporate the latest design techniques. 
The generators are of medium impedance output being 
suitable for general purpose heating applications such as 
annealing, brazing, hard and soft soldering, hardening and 
ae tempering. The availability of a high work coil kVA in 
association with multi-turn coils permit the heating of a 
wide range of ferrous and non-ferrous loads. 





The oscillator valve may be either air cooled (Type 
coca R.F. 3/A) or water cooled (Type R.F. 3/W) depending upon 
is. 4 customer requirements. With the R.F. 3/A water is used 
A only for cooling the tank and work coils. In the case of the 

R.F, 3/W a common water supply is employed for cooling 
the oscillator valve, tank and work coils. 


Due to the simplicity of operation unskilled labour may be 
employed enabling production costs to be reduced. The 
controls, indicator lamps, anode current meter and process 
timer are conveniently grouped on the front panel. Compact 
design allows the equipments to occupy the minimum of 
foor space. The equipments in operation are extremely 


sj Sa ag ae ea ars: 

















- > dependable as a result of advanced design and the use of 
components of proved reliability. 
ng. 
e to 
g or 
; and 
and 
As. 
ating 
FREE TECHNICAL ADVICE js offered on the applica- To Pye Ltd. Process Heating Division, 28 James Street, Cambridge 
_ tions of R.F. heating to Tempering, Brazing and Harden- Please send me details of Pye Process Heating Equipment. 
ing processes etc. Our technical representatives are at NAME 
> ols Your service, or we will send you full details—please tick COMPANY 
the appropriate box in the coupon. 
— ADDRESS 
P Please ask your Technical Representative Please send me 
PANG VE LTD. PROCESS HEATING DIVISION to telephone for an appointment full details 
Telephone: CAMBRIDGE 57590 
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New approach to cable testing 


This is the Perram High-Voltage Tester, 
Indicator and Recorder. With fault-detection 
times as short as I millisecond, it will 

record the most minute faults in your cables, 
even if you run them through at 

high speeds. Get full details of this 

superb Tyer instrument. 


Yet another 
important achievement by 


a, 


Est: 1851 


COMPANY LTD 
(Formerly P.A.M. Ltd.) 
PERRAM WORKS MERROW SIDING~ GUILDFORD SURREY TEL: GUILDFORD 2211 


Within the organisation of the Southern Areas Electric Corporation 
La w 





Metal sawing 
problems? 


Cold sawing machines are our speciality whether for ferrous, 
non-ferrous or difficult metals and we have an extensive 
range of standard machines which cut quickly - and accurately. 
We also build machines for special applications. 
If you have a cold sawing problem our experience could 
probably provide the solution. May we help you? 


METAL SAWING & SAW 
RUSSELL — 


S. RUSSELL & SONS LTD. 
ad by 45 years of specialised experience 
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Ingersoll-Rand 


COMPANY LIMITED 





The I-R range of air powered drills make for 

operator comfort with their light weight and low noise 
Series 22 

volume. Light to heavy duty models of capacities 

from 0-4” and up to 4”—the major illustration shows 

one of the lightest range almost life size, the 00A2M of 

fs” capacity. All use less air, have higher efficiency 

and are tremendously economical to run and maintain. 

Versatile in application, there are various attachments 

available which make the I-R drills indispensable 

in any workshop. 


Write for leaflets giving full details 


Ingersoll-Rand Company Limited, 
165 Queen Victoria Street, London EC4 
Telephone: Central 5681 Works: Trafford Park Manchester 17 





AIR POWERED 


MANOEUVRAB 
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REPETITION | dimple Setting—High Productio 


GREY IRON 


with automatics 
Yl: MM@CE=@/ =X 
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i —_—.> CAPACITY 
| GooD 7 y 4 Round Bars. Dia. 
Y y ? exagon Bars. t 
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] | Y Maximum Travel jen slide 
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Y THE RIGHT 
Houatiryy | | PRICES | 
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CAPACITY 

Round Bars. Dia. 1} 
Hexagon Bars. A/F 1.08 
Square Bars. A/F 

Maximum Travel of Tailslide 2f 
Maximum Travel of cross slide I 
SPINDLE SPEEDS 

Speed Range 280-1 ,900 r.p 
No. of Speeds } 


| U7 V} 
am YU = - 
CONSULT 


ARRAMORE’ 


F. PARRAMORE & SONS (1924) LTD. lll), 
DEPARTMENT 5 Moderm Machime Tools Ltd 


CHAPELTOWN SHEFFIELD. Telephone: ECCLESFIELD 3144 P.O. BOX No. 56 * GOSFORD STREET - COVENTR 
Telephone: COVENTRY 2213.-6 Cables: MODERN COVENTR 


3 magnificent eyes for detail 


An increasing number of machine parts have to be precision engineered to 
close tolerances. One sure way of inspection in these times of high speed 
production is the ‘eye’ of a Heston optical comparator. 


The Heliscope: 
Thread—forms, gears, tool forms and small parts can be checked rapidly on the workbencl 
by this direct projection comparator. j 
Magnification x 10, X 25, X §0 
Field Projection, 7.5 ins. diameter. 











The Vertex : 
A reflex version of the Heliscope, but with added projection power amt 
an etched glass screen or high accuracy protractor screen. 
Magnification x 10, X 25, X §0 
Screen Size 12 ins. x II ins. 
Field Projection, 10 ins. diamter. 


The Revelation: 
A combined epidiascope and profile projector that j 
used for high definition profile and surface prone tion 
with the added facility fr inspection of hole profil 
to a depth of three inches. 
Magnification x 10, X 25, X 50, X 100 
Screen Size 13 ins. X 12 ins. 
Field Projection 10 ins. diameter. 


Magnoptics by heston 


HESTON AIRCRAFT AND ASSOCIATED ENGINEERS LIMITED. HESTON AIRPORT, HOUNSLOW, MIDDLESEX. TELEPHONE: HAYES 38 
MEMBER OF THE HESTON GRO 
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AT HENRY WIGGIN & CO., LTD. 


Twenty-three machines are installed for 
billet and bar-turning. These cast billets 
are barrel-turned and faced prior to an 
extrusion operation which leaves the 
billet “ header” as the press discard. 

In the illustration a Nimonic 80A billet is 
being turned at 25 r.p.m. with 0.011 in./rev. 
feed and } in. deep cut. 


HEAVY DUTY LATHES FOR EVERY PURPOSE 


DENHAM’S ENGINEERING COMPANY LIMITED 
HALIFAX ENGLAND 





ROCKWELL 


HELICAL 
CLAMPS 


BRITISH PATENT 


A range of popular sizes 

to suit any T slot or 

clamping height. 

No loose parts to lose. 

Each size adjustable for height. 


Any quantity Ex-Stock. 


ROCKWELL 


A wine TOOL CO LTo. | 


Write Dept. C/C or phone for teaflet giving 
prices, size and technica! details: 


WELSH HARP, EDGWARE ROAD, 
LONDON, N.W.2 Tel: GLADSTONE 0033 
Also at: Birmingham-Telephone Springfield 1134/5 


a Stockport-Telephone Stockport 5241 Glasgow-Telephone Merrylee 2822 
.C.6. 
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Let us 
be your 
machine 





precision & service second to none 


@ Capstan and centre lathe work 
@ Milling—all types 

@ Surface and universal grinding 
@ G-SIP jig boring 

@ Centreless grinding 

@ Copy turning 

@ Cridan screw cutting 

@ Thread milling 


MARSDEN & SHIERS LTD. 


Davis Road, Chessington, Surrey. Phone: Elmbridge 5333 (3 lines) 


-..as well as 
shaping, honing, 
drilling, tool- 
making, etc. 
to meet your 
every need. 
Al'D & A'R'B 
Approved 














130 SHAFTS FAC 


Facing & off each end and drilling 


%' centres in 2}" diameter Electric Motor 


Shafts in a floor to floor time of 27 
seconds, is typical of the high production 
which can be achieved on the — 


HEY No. 3 DOUBLE ENDED 
CENTRING & FACING MACHINE 


@ Perfect alignment of centres 
@ True faces and accurate lengths 
@ Turned finish on faces 


@ Eliminates subsequent facing down 
to centres or recentring 





ENGINEERING CO. LTD. 
COVENTRY PHONE: COVENTRY 8864! 


Faces 3 diameter. Standard 





i ar 
Vices have maximum b 


1" 
capacity © 
Minimum | 
Standard be 
take work up to 
or 72° long. 


We also manufacture Rotary Cam 
and Profile Milling Machines, Short 
Thread Milling Machines, Multiple 
Drilling Heads and Machines, Tapping 
Machines, Gear Tooth Rounding 
Machines, Special Machine Tools for 
High Production. 
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The Gomgle Hypreoach 
Ze CONTOUR 
FACING aac 
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CAMS put tHe 
PRECISION 


INTO PRECISION BORING! 








NEW BRITAIN move: 3s CAM NEWMATIC 
PRECISION CONTROL BORING MACHINE 


When working to “tenths” cams are the best method of maintaining 
accuracy, because cam control of the tool is positive control. The accuracy 
of parts produced on New Britain boring machines can’t be affected by 
variable hydraulic pressures, ambient temperature, or play in complicated 
linkages. 

With positive cam actuation in one direction and an air cylinder opposing, 
the cam provides positive control throughout the operating cycle. A single 
point tool performs all straight boring and turning as well as generating 
contours, Work and tools can be mounted on the table or in the spindle. 


LET US DEMONSTRATE TO YOU 


W/N\O(e] TaN = 


ASSOCIATES LIMITED NB 





4 QUEEN STREET - CURZON STREET - LONDON + W.I  Tel.: GROsvenor 8362 
Midland Office and Demonstration Room WILFORD CRESCENT . NOTTINGHAM . Tel: NOTT 88008 
NRP 1728 





Continuous recovery 


of cutting oil with 


Sharples 
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SIMPLY FEED OILY SWARF into the Sharples Ellerwerke Continu- 
ous Swarf Separator and separated cleaned dry swarf and recovered 
clean oil are discharged separately. This machine operates continu- 


ously and will handle very large quantities of swarf. 


PASS RECOVERED OIL through this Sharples Purifier to extract 
dirt and metal particles. Your cutting oil is then as good as new. 


Write for literature on treatment of swarf and cutting oil. 


SHARPLES 





ili. 


Looking in the 
right direction 


® Rete 


SePvyRine Ss 
F. S$. RATCLIFFE (ROCHDALE) LTD., 


Crawford Spring Works, Norman Road, Rochdale 
Phone: Rochdale 40415 *"Grams: Recoil Rochdale Telex363178 





BRADFORD 

THOMAS WRIGHT 
(BRADFORD) LTD., 

85 Bower Street, Bradford 5 
Telephone : Bradford 28831-2 


BRISTOL 

C. E. KIDD & SON LTD., 
15 Rupert Street, Bristol 
Telephone : Bristol 27594 


COVENTRY 

G. E. ADAMS LTD., 

401 Broad Lane, Coventry 
Telephone : Tile Hill 66472 


GLASGOW 

J. & T. LAWRIE LTD., 
Livingstone Street. Clydebank 
Telephone : Clydebank 2171 


LEED: 

He ORITE PNEUMATICS LTD 
135/137 West Street, Leeds 1 
Telephone : Leeds 35512 


LEICESTER 

HEADLAND eEeING 
DEVELOPMENTS LTD., 

38 Gartree Street, ye md 
Telephone : Leicester 27782 


LONDON 


PROCESS PNEUMATICS LTD., 


19 Charlton Road, 
London, S.E.3. 
Telephone : Greenwich 6575 


MANCHESTER 

CAR & CYCLE DEPT., 
BAXENDALE & CO. LTD., 
Miller Street, Manchester 4 
Telephone : Blackfriars 8282 


NOTTINGHAM 
DOUGLAS FYFE(ENGINEERS 
MERCHANTS) LTD 

Canal Street, Nottingham 
Telephone : Nottingham 51374 


RUSHDEN 

COX & WRIGHT (SHOE 
MACHINERY SERVICES)LTD., 
Wellingborough Road, Rushden 
Telephone : Rushden 3139 


SALFORD 

MODINE PRODUCTIONS LTD, 
Dawson Street, Greengate, 
Salford 3 

Telephone : DEAnsgate 7011 


SHEFFIELD 

GEO. TUCKER & CO. 
(SHEFFIELD) LTD., 
Shoreham House, Shoreham St., 
Sheffield 1 

Telephone : Sheffield 29691 


GERRARDS CROSS 

G. X. ENGINEERS LTD., 
Gerrards Cross, Bucks. 
Telephone : Gerrards Cross 3954 


STOCKPORT 

L. L. PRICE (PIPELINES) LTD, 
Brascop House, bod mentee R 
Heaviley, Stockpo 

Telephone : Ssscioaet 5202 


STOKE 
COTTON BROS. (LONGTON) 


Crown Works, Longton 
Telephone : Longton 33021 
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BENTON & STONE LIMITED) 
BIRMINGHAM 6. _ 





See our Advertisement on page 28 
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All communications op 
T. G. Scott & Son 


Printed by Maxwell, 


Love & Co. Ltd., 


arding advertisements should be addressed to the Advertising Managers, 


1 Clement’s Inn, London 


W.C.2. Telephone: 
309 - 317 Borough High Street, London, S.E.1. 


HOLborn 4743. 























PENNER RE my 


Manufacturers of the complete range of jig bushes and liners to B.S.S. 
1098/1953, together with special purpose bushes for sheet metals, plastics 
and moulded jigs. Catalogues sent upon request. 





25 packaged rolis 
of MARLEY FLOR 
each weighing 1cwt 
moved as one load 
by Coventry Climax 
ELECTRIC Fork 
Trucks. 


more floor for ee 
‘SZ, 


As homemakers go floor-conscious 
floor-makers grow (floor) space conscious! 
MARLEY move in a fleet of COVENTRY CLIMAX 

Electric Fork Trucks at their modern 

factory at Lenham, near Maidstone, 

to speed output and expand storage 

...one more progressive business using 
‘UNIVERSALS'—today’s outstanding ELECTRICS by- 


oe Pe 
FORK LIFT TRUCKS 


COVENTRY CLIMAX ENGINES LIMITED, (DEPT PE), COVENTRY 





